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Despite the large amount of Works tere has hotn devoted to the 
investigation of the sensory innervatidne*dl> the? Faee and the afferent 
functions of the trigeminal nerve there are still some points that need 
elucidation One of these is the condition of sensibility to pressure, 
and to pain produced by pressure, on the deeper structures, especially 
after complete division of the root of the fifth nerve, or removal of the 
Gasserian ganglion 

Cushing |1| makes no specific mention of the investigation of 
pressure-sense in his cases, but he states that the more anterior of the 
lines that delimit the area of the trigeminal anesthesia posteriorly 
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‘bounds the area within which anesthesia is complete to all forms of 
sensation.”” This area includes the greater part of the fifth distribution. 

Morriston Davies (2) found that ** deep pressure is occasionally 
appreciated” in parts over which light touch and pressure-touch ar 
absent. This was especially so when the soft tissues were strongly 
compressed on the underlying bone. But he mentions cases in which 
teeth were extracted, another in which an eye was excised, and two 
others in which extensive operations were performed on the attected 
side of the face without producing pain, though no anmsthetic was 
employed. 

Ivy and Johnson |3|, however, observed two cases, and refer to 
another under Spiller’s care, in which there was apparently complete 
destruction of the trigeminal root or of its ganglion, vet pressure could 
be appreciated over the area of cutaneous anesthesia. hey drew the 
conclusion that the facial nerve “ conveys fibres of deep or pressure- 
sensibility from the muscles which it supplies with motor fibres.’ 

On the other hand Mills |4., who has recently dealt with the subject 
exhaustively, found the sense of pressure lost in the areas over whicl 
there was cutaneous anesthesia and states the conclusion that * the 
sense of pressure is represented in the fifth and not in the seventh nerve.”’ 

The existence of such divergent statements justifies the re-investiga 
tion of the question on suitable cases. 

When pressure is applied to the face the amount of muscular effort 
called forth to resist the tendeney of the head to move, doubtless atfords 
a measure of the pressure applied. There is also, however, a purely 


nervous mechanism by which pressure can be appreciated even when 


wholly in: ideatiute tos progltioas3 phyive WibTye ¢ his mechanism enables us 
not only to perce ive and th tefiinates bast ales to localize pressure ; and it 
has in addition Hpbecghhe pada y toe, with the feeling of increasing 
pressure, discomfort arises Sind en tickly into pain. This pressure- 
sense is distinct fregute thet Seated doy} whi ch we perceive mere contact, 
such as the touch of Aitdne aaah: and it may exist unimpaired, as 
Head and Rivers have shown, even in the complete absence of 
cutaneous sensibility. The path of these pressure sense-impulses from 
the face has not vet been finally determined. By examining well- 


defined lesions of the fifth, seventh, and twelfth nerves we have 
endeavoured to gain some further information on the following points 
(1) The relation of the deep afferents of the face, eve, and tongue to 
(a) The roots of the fifth nerve. 
(b) The Gasserian ganglion. 
(c) The origin of the fifth nerve. 
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(2) The relation of the pressure-touch and pain-fibres of the face to 


the seventh nerve 


(a) After its exit from the stylo-mastoid foramen. 
(}) Between the Fallopian ayneduct and the stylo-mastoid 
foramen 

c) In the Fallopian aqueduet 

d) From the nucleus to the Fallopian aqueduct. 

3) The relation of the pressure-tibres of the tongue to the twelfth 
herve, 

Through the kindness of Sir Victor Horsley and the Medical Com- 
mittee of the National Hospital we were enabled to examine a number 
{ patients in whom intracranial operations had been performed upon the 
fifth nerve for the relief of neuralgia. Several of these patients proved 
to be mentally too unstable to vive trustworthy results. The others, 


+ 


leven in number, comprised eight cases of removal of the Gasserian 


vanglion; in three of these the motor supply to the forehead was cut in 
the skin incision, and in them we observed the effect of a combined 
lesion of the fifth and of the peripheral seventh; two cases of section of 
the second and third roots, and one of section of the second root only, 
We also examined ten cases of complete seventh nerve paisy, from 
lesions at various levels, arising from several causes: in two. the 
paralysed seventh nerve was subsequently cut after its exit from the 
stvlo-mastoid foramen and the peripheral portion sutured to the central 
end of a completely divided twelfth. Our cases of central lesions were 
unsatisfactory: in one an extra-cerebellar tumour had been removed 
many vears before, and among the sequel was a unilateral complete 
fifth and seventh palsy, but the patient was somewhat demented; the 
ther was a case of extra-cerebellar tumour in which the paralysis of 
the fifth and seventh was incomplete , 

The investigations were nade under conditions which ensured to the 


patient as much freedom from suggestion and distraction as possibl 


So long as cutaneous sensibility to light touch 1s intact it 1s Impos- 
sible to attempt accurately to investigate tactile pressure. We hoped 
by coeainization to vet rid of the cutaneous sensibility, and there’ 
ionized upon the face a 10 per cent. solution of cocaine for ten to 
twenty minutes by means of a current of 10 to 20 ma., and tested our- 


selves and patients but it proved possible to anewsthetize the face to 
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pressure. The extent of the separation of the boundaries of these two 
anesthetic areas varied from O°5 to 1°0 em. on the cheek, but was often 


mperceptible over the forehead. With a pressure of 10 gm. dim.” the 





} 
border lay wholly within the area mapped out by 2 gm. dim.’ (fig. 1); 
ind with 20 em. dim. the pressure-touch anesthesia continued to retreat 
i till the new border was separated on the cheek by an interval of 1°0 
IS em. from the first Within the innermost border there was 
; 
> 
' 
i 
i > 1 { thre ! | 
lica { iddk f 10 d and th m 
| . u f ‘ 
total anwsthesia to 20 em. dm; without, was an area insensitive to 
10 eim./dim.*, and bevond this, encased in a zone anesthetic to hght 
touch, was an area insensitive to 2 em. dm. 
The area of anesthesia to 65 gm. dm.°, the maximum pressure of the 
sthesiometer, varied; usually it was a counterpart on a smaller scale 
f that mapped out with 20 gm.dm.°; but around the angle of the 
nouth, over the side of the nose, on the malar bone, and less frequently 
in the forehead, sensitive islets now sometimes appeared inside the 
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anwsthetie zone; and occasionally the border of the pressure anawsthesia, 
instead of running roughly parallel to the limiting line of the anesthesia 
to light touch, curved convexly downwards and forwards from the hair 
line, about 3 ecm. in front of the ear, across the check, to the inne 
canthus (fig. 2). 

After extirpation of the Gasserian ganglion, or section of the second 
and third roots, and even of the second root alone, there was total loss 


of perception of 65 gm. dm.’ pressure on the conjunctiva 





continuous line, and to 65 gm. din.* pressure, dotted Ih 


To the siLine pre ssure a more or less severe degree of anesthesia Wa 


always present over the attected half of the anterior part of the supported 


| 


protruded tongue; in the case of the section of only the second root the 
tongue recovered apparently normal sensibility in the course of a week 
Accurately to detine the extent of the loss on the tongue was impossibl 
owing to the structure and mobility of the organ 

The loss of sensibility to pressure-touch was greatest within forts 


eight hours of the Operation. Indeed, In two cases, fo1 nearly il week it 
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appeared to be absolute In no case, even after the lapse of several 
vears, Was the recovery striking, but in old cases some residual sensi- 


bility to pressure-touch could always be demonstrated 
The degree of loss varied in different regions. In the eve, in all 


ises, the loss Was as great as we, having regard for the patient’s eve, 
cared to demonstrate. The loss was identical when the Gasserian 
vangclion had been removed, when the second and third roots alone had 
been cut, even When the second root only was wanting. ‘The pressure- 
touch sense of the eve may pass by the second root alone, but more prob- 
tbly may be accidentally destroved by operations upon that root. In the 
Us the second root alone was cut, a week after operation 
the tongue appeared to be normal; its pressure-sense was invariably 
itfect the ther cases, but the degree was very inconstant. 
Probal ts pressure-touch tibres pass by the third root of the fifth 
On the the area of anvsthesia to pre ssure-touch appears at first 

siv e restricted than the area of cutaneous anesthesia. The 
ditterene east obvious over the forehead, most over the cheek, and 
vari rding to the pressure emploved. The application of the wsthe- 
siometer } luced visible deformation of structure, not only at the site 
f apy tion, but also over an irregularly circular zone whose centre 
lav in the tact area Pressure thus produces two sets of impressions 
a dee} calized group from the pressure-contact area and a diffuse 
erou) pidly becoming superficial, arising from the tension produced 
mm the nding tissues Both these groups increase in proportion 
as the pressure increases, but even with a uniform pressure the stimuli 
from the tension zone obviously increase in proportion with the mobility 
of the tissues In testing from insensitive towards sensitive parts while 
et the pressure-contact area itself is anesthetic, a segment of the zone 
of tissue-tension adequate to elicit a response may encroach upon the 
normal skin. Hence, the boundary of the pressure-anwsthesia always 
fell within, and was roughly parallel to, the boundary of the cutaneous 
anesthesia The forehead tissues vield little, the cheek tissues much: 


hence the disproportion between the apparent shrinkage on the forehead 
and on the cheek. And, for the same reason, in attempting to define 
the areas of anwsthesia to different degrees of pressure we outlined 


a progressively smaller area with every increase of pressure, but in all 


cases the shape remained essentially that of the cutaneous anesthesia 


area. The extent of the divergence between the boundaries for light 


touch and pressure at any site was thus the index merely of the effective 
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distance of the diffuse tension created there by the pressure employed. 
Are the stimuli from the tension zone or from the pressure-contact 
area the real measure of the sensibility of the area? The two cannot 
be separated: both are factors of the pressure-sensibility of the area. 
But unless the effect of the pressure Is strictly localized to the area 
tested, the result affords no criterion of the sensibility of the area 
To make the tension zone and the contact area quite identical is 
impossible, but this is practically attained by the use of light’ pressures 
over rigid areas. Our results with 2 gm. dim.” pressure are therefore 
the best index to the real extent of the pressure-anisthesia: on the 


forehead this pressure-borde) pract cally co ncided with the borde ita) 


cutaneous anesthesia; on the cheek a progressive and svimmetrical 
divergence of the borders always occurred with increasing pressures; the 
feeling of vibration evervwhere within the anrwestheti ne \ Wavs 
less than, or different from, that on the sound side: but this might 
in part have arisen from the absence of cutaneou ensil . but 
localization of every degree of perceptible pressure was st in- 
variably faultv imanediately the re I ‘utaneous st i Vials 
entered. 

We therefore consider that the area of cutane S anesthe ind 
the area of anwsthesia to all pressures as high as at least ZO « di 


are dentical in’ the regcions affected by t 


sanelion, of the second and third roots, or of the se 


§ 

\s regards higher pressures, our methods were not « { nous) 
to atford accurate results Th vestigation need t I repeated 
with an instrument such that the rate at which the pr ive is applied 
will be uniform, and will not vary as it does when pressur exerted 
by weights; and in such a way that the scalp pressed against the head 
support can obtain no clue to pressure exerted on the fac Some devrec 
ol touch-px reeption of mayor pressures Is, however, indubital etained 
The sensitive scalp against the head support might appreciate such 


higher pressures, but with a constant stimulus, such as 65 gm. dm 

the distribution of the sensitive areas Is so irregular—little islets in. the 
midst of the anwsthetic region—and the localization of pe reeptible 
stimuli, although inexact, is so evident that clearly a crude. sense 
of pressure persists. This localization is not attained by tension upon 
the adjacent sensitive skin, for the point to which a pressure is mis- 
referred is usually in the zone of light touch anesthesia, and seldom 
upon healthy areas; and in parts remote from the border of the zone 


the direction of misreference is not commonly towards the nearest 

































rTHE SENSE OF PRESSURE IN THE FACE, EYE, AND TONGUE y 


normal part The degree of the persistence of this pressure-sense, 


and f the power reine tel to localize ». Vari d consid rably. 


LIT. Locanizartox, THE CoMPASS-TEST AND THE POWER OF 


APPRECIATING VIBRATION, 


To test the power of localizing pressure-touch, the patient with head 
supp rted ind eves closed Was required at once to point to the spot 
pressed and was not allowed to grope. Within their re spective anies- 
thetic areas the power to localize 2, 10, 20, and 65 gm. dm. pressures 


ompletely lost. To test the localization of greater pressures 





Se f the se L third ts of the fifth nerve. To show localizing 
p el rect te neces € ed 3 lint represents the spot t ed: number with dash 


a perceptible but variable and unmeasured stimulus was obtained by 
the use of the algometer. Care was taken to keep well below the 
pressure-pain threshold. The localization of perceptible pressure-touch 
within the zone of light touch anwsthesia was almost invariably faulty 


r 3) The extent of the misreference was inconstant: it was usually 
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least on the side of the nose and less about the chin and angle of the 
mouth than elsewhere; even on the same site with approximately the 
same stimulus it varied from time to time. The direction of the mis- 
reference was also variable ; it was noteworthy that the localization was 


not usually towards the nearest normal area (fig. 4 





In addition to the perception and localization of pressure-touch the 
discrimination of one from two points and the sensibility to vibration 
were also investigated. To apply two points of the cotupasses simu 
taneously with equal pressure on the face demands much = prac 
Here the difficulty was increased, for the compasses had to be applied 
over an area which was proved to be not uniformly anesthetic to 
pressure. Usually on the forehead, however, and in some cases on th 
cheek also, we found that the power to discriminate one from two 


simultaneous points was either entirely lost, or greatly diminished.z And 


yet the contact of two compass-points applied one after the*other rapidly 


could be appreciated. The following record, taken from Case 20, shows 
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that although each separate contact was appreciated as a touch, the 
snnultaneous application of the two points was never recognized as a 
double stimulation. The compasses were applied to the cheek, in front 
of the ear, immediately within the zone of cutaneous anesthesia. The 
two points were separated for a distance of 4em. The figure | signifies 


that the patient answered that he was touched with one, 2 that he was 


touched with two pomts 


s \ 
) M1 1 
ul 11 11 
p 2d) 

The proximity of the auditory apparatus and the sound-conducting 
properties tf the facial bones prevented us from marking out the area 
of anesthesia to vibration The tuning-fork we used oscillated 128 

mes per second It was first upplied to the patient's hand so as to 
accustom hin to the perception of vibration In testing the face, the 


cheek was lifted oft 1 bones by the examiner’s finger: on the sound 
side no difficulty was then experienced in discriminating between the 
hearing and the feeling of vibration. Any stimulus strong enough to 
be perceptible to tl supporting finger was easily appreciated by the 
patient. The atfected cheek thus tested was usually quite insensitive, 
und if a fold of the anawsthetic skin was pinched up no feeling of vibra- 
tion wa received by it. Usually in the eve and rarely in the tongue 
was th ss niplete n the tongue, as a rule, some perception of 
vibrat emained. The sensibility varied from time to time; on a 


subsequent dav, with the same vibration-rate, in the same area, a partial 


night | substituted for a total loss In all eases in which vibration 
Was pr ved on the atfected side, it was invariably described as weaket 
than, litferent from, the same stimulus on the sound sid 


IV. PaixruL PREssvUR] 


For investigating pressure-pain on the face we used the Cattell 
algometer; but its formidable appearaiice, its tendency to slip, and 
its coarse adjustment made it unsuitable in so sensitive an area. A 
preliminary series of tests was made on the hand to reassure and to 
educate the patient The algometer was then applied to the face 
without haste or jar, and by the examiner's left thumb and index the 
position of the point was so controlled as to obviate slipping. In 
testing the cheek one of us placed a finger on the oral surface, so as 
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to sustain the pressure of the algometer and to prevent all cont: 


the 


with the cranial bones; by this means we were able to examine 
sensibility of the muscles alone. To produce pressure-pain it 
tongue and eye, only the fingers were used: the whole thickness of 
tongue was gripped between the thumb and index, and throug! 
closed lids the eye was pressed back against the orbit 

Kach of us examined the patient at all sittings, and mrad 
tests at every site. As each had acquired with the algometer 
and evenness of application which were a personal constant 
obtained, individually, results under uniform experimental cond 


The values recorded by hi. }° Ix Were usually hot aden 


t 


uct 


those by W. J. M.. and thus the figures were not a bsolute tieasuy 
of the sensibility of a site to pressure-pain: but the relat th 
sensibilitv at various sites, found by both obs ! is 
The results at each sitting were thus cont lead na ibseq ! 
Investigations provided a furthet 

by cocainization we found that the skin of the nor 
be rendered insensitive to pinprick, von Frey's No. 4) ha t 
degrees of pressure-touch, without appreciably diminishing the 
bility to pressure-pain, its te sted by the algometet 

The sensibility to pressure pain Within thie Le I | I 
anesthesia produced by intracranial operation on the fift 
over. different regions in the same person, mM iifferent 
ditterent pel ods lmmediate] Ite the ction 
Case 2) there was severe loss on the eh eve, and tone 
six weeks later when the tongue and face had pract 
eve remained insensitive Case 12, after section of the d 
roots, showed almost complete loss on the ¢ nd toneue, witl ss on 
the face: a fortnight later pressure-pain was still wholly | 
but only partially on the tongue and face In a similar lesion . 
old (Case 13) pressure-pain was normal except in the eve In thes 


two cases the motor supply to the frontalis had been cut in the skin 


Incision, but pressure-pain in the forehead remain dunattected. In e1 


cases the Gasserian ganevlion had been removed one to six vears before 


our examination; in all the pressure-pain in the eye wis ibsent 


much diminished. In Case 15 (with a paralysed frontalis) and in Case 


the pressure-pain elsewhere was normal; in Case 1S its threshold 
the affected forehead was 6 kilos, whereas on the sound forehead 
was only $ to 1 kilo; in Case 20 (fig. 6) the threshold on the aff 


forehead was 4 to 6 kilos, on the normal side 1 to 13. kilos 
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Case 19 (fig. 7) the frontalis 
hreshold nm the 


was paralysed, and the 





pressure-pain 
atfected forehead was 6 to 9 kilos, on the normal 
| to 15; this patient also showed slight loss on the cheek and tongue. 
Cases 14, 17 (fig. 5), and 21 showed loss most pronounced over the 
rehead, but clearly demonstrable over the whole facial area of the 
th: and the last two had partial loss on the tongue also 
( ingl } press ! L especial 
} I é 
On re- ning Cases 17 and 20 some days after they had first 
con under « observation, we found in the affected area marked 
tenderness and slight pain, which arose, the patient alleged, * from 
‘old The pressure-pain threshold that had previously been high was 
hen s to reach almost the normal level: but, later, after the 
pain had pa i, the tenderness disappeared and the first results were 
corrob rated 
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Case 9.—Examined May, 1910. G. W.. male, aged 31. 2B 
Mareh 5, 1910, produced t facial palsv, left deafness at ss of tast 
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Case LO—Under care of Dr. Ormerod. Examined April and May, 1910 


\. D.. mal eed 34, pain in right mastoid region and fever for «a week in 


1905: then sudder “ht facial palsy with giddiness and loss of taste, but with 
theet i ert ne skit Ver atfectedd torehenca tna Clee k s owed trophic 
{ Vitse ( CS stigt response to theditin taradizatior n buceinator 
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The seventh nerve is therefore 
the And 


if the sensory fibres from the forehead 


rv fibres as it les n canal. 


the motor trunk; or in the canal they 


ist superficial of the pressure-pain fibres and thus the 


unmatory In Cases 9 and 10 


processes 


d be demonstrated in. the presence ol 
the skin did not increase the los: In 
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Phe threshold in Cases %) ind 10 both over the forehead and the 


cheek was raised to between 3 and 4 kilos In each the seventh was 


~ 


injured in the Fallopian canal, and each had lost the same sense 1 
pract cally the ame degree As in both cases the thre | \ th 


whole facial muscular area was practi illv ¢ pula i t ’ iin } 


SON t pun 


mus ren 1 | 
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asserian ganghon before passing to the seventh, the 


jury, and the greater would be the permanent loss 


mna and external angular process and could 
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lips always suttered less than the cheek ; the check wa 
the forehead escaped ind the tongue enjoved creat 
any other site 


Sometimes the forehead alone, for exampl nla 


6G and 7), showed loss. This result was not due to t] 
of the peripheral seventh n the skin nel : f 
proved that the seventh after its emergence fron 
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have left the nerve before the level of the 


n the hypoglossal proximal to the 


but ina se of mal-development of the tongue of 
t possessed normal sensibility The twelfth 

vO Case ( veved neither pressure-pain nor othe: 
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The only nervous mechanism whose tibres are neither wholly not 
essentially of the fifth: whose fibres are common to the eve. forehead, 
ZVevoma, cheek, lips, and toneue : whose fibre s nViarilab Oce ! N the 
region of the fifth roots and are there in greater proportion from: the eve 
and forehead than from the cheek and tongue: whose tibres anast 
mose so perfectly that total isolated destruction ato any on te 
practically impossibl ind whose fibres are so d 
be involved in lesions in so many ditferent ree s: the ervous 
mechanism which fulfils these conditions is the vat hie dit 


fulfils them adequately The svinpathetic must therefor: 

i pressure-pain function t can conduct pressure pulse \ 
least from 4 kilos and upwards, are appreciat pail { t} 
mechanism of a primitive general ed pressure 


function of the area from which its tibre 


The tibres nveving ( rom pre 
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that ordinary pressure-touch impulses go 


but we have not been able conclusively to determine 
of recovery after removal of aright extra-cerebellai 
lateral complete fifth and seventh palsy. She showed 
ind localization of all pressures beneath those which 
htened threshold for pressure-pain But she had 
tru n brain-tissue and was not a good witness 
eb ise h not wholl lost her cutaneous 
the atlected hit rea ‘ pressure-Louch seemed to 
ral. ne {f the threshold of sensitiveness to stimulh 
ni iit ere made once only, as the fifth and 
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"\ re etly distributed alone the vascular 
t! ntern ! 1 Lhe principal va cular branches to 
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fibres probably proceed centrally by Way ol the Fallopian canal None 


of these fibres pass by the peripheral branches of the seventh: there 


¢ their relation to the peripheral branches 


was no evidence regardin 
of the fifth; but if none pass in the fifth branches, how do these 
muscular pressure-pain fibres concentrate in the region of the tifth 
roots” We consider that their probable course is from the ski 
muscles, and bones, which comprise the facial muscular apparatus, | 
the terminal branches of the t 
root region; thence by way of Meckel’s ganglion, Vidian nerve 

superticial petrosal, to the geniculate ganglion; thence by the 4 


intermedia. a nerve whose fibres have verv small calibre, to tl 


eiculus solitarius and region of the fae nucleu 
| + ] 1] +} PY 
also pass by the otic ganelion and small Iperticnal pe 
Only in a certain section of its course does the vent nt 


Or recoverN requires] the Ny] . 
motor trunk, and probab cannot )) 
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of a normal fifth: in this connexion also the nstan nd seve 
of the loss on the eve is noteworth 

The eve, tongue, and face also possess this low threshold pressure 
pain mechanism, but we have no evidence of the course its fibres tak 
from these areas, except that they share n the general concentration 


in the fifth root region 


The ditference between these two Pressure-paih mechanmistus s Ul 


the one has a low threshold and a functional distribution, the oth 
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threshold, and subserves a veneral sense without relation 


local function of the area from which its fibres come 


ise been claborated from: a general pressure-sense ? 
‘ Mahist CONSIST | special rod sympathetic fibres ” 
SUDS¢ ed everywhere by a common mechanism, 
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ISTERTOR CRANTAL FOSSA 


! 1) 
i 
} 1) 
ped the re 
l ion 
}) ! nte 
less likely to occut 
ln complicate operation for removal 
C) fossa The medulla oblongata 


mination is more likely to follow 


less distortion of the medulla oblongata 
] 


ebrospinal fluid also may be increased, as in 


{ nm this | per, al Ad the ESCH) ol so large an 
sVinptonis Che twisting of the 
wily hasten death, although the effect on 


splacement of the medulla oblongata micht 


the mptoms of tumour first appeared about 


before death They became intense, and 
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although the displacement of the cerebellum was great, 


twisting on the brain-stem was not so extreme as in Case 2 


in which the symptoms were much less severe. In Case 1 the 


was much larger than in Case 2, and it must have stretched 
torium greatly, as it extended far enough forward to press 
left oculomotor nerve. — It also depressed the left occipital lobe 


depression of this part of the brain is a somewhat rare occurre 





a subtentorial tumour. The displaced cerebellu 
lobes from one another, and thi space provi 
the decree of lateral twist ne of the cerebel 
possible that during life the separation of the 
vreat as is represented im fig. 1. as the tento 
tended, must have atforded considerabl 
reference to this case with 

previous paper by lhe 

lssociation, vol. li, No. 4, pP 


Two parts of the 





ISPLACEMENT ¢ rik CEREBELLUM 


the cerebellum—viz., the pons at its union with the cerebral peduncles, 
and the medulla obloneata If the pressure be from below upward with 
sufficient force to separate the oce pital lobes and stretch the tentorium., 


lateral displacement of the cerebellum is less and 


medulla oblongata also is less. When the pressure 


cerebellar lobes almost to a right 
stretching of the medulla 


hye displace d is 


s continuous 

would caus 

Oriel In Case 2 the 

the tumour, but the pons and 
the displaced left) cerebella 
oul and the left side 


om the left cerebellar 
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4 


lesion on the side opposite to that occupied by a basal tumour \1 
explanation has been sought in pressure upon the medulla oblonga 


on the side of the tumour, below the motor decussation, or in pressure 


( 
of th Ports and medulla oblongata of the Op posit le ne st the | 
of the skull, or, more recently by Oppenheim, in the ss 
medulla obl monuta ld the tight eae 1 verteb) hone oe 
has considered it) p ble that in ' be ce ee ' 
medulla oblongata, the pvi lal t ' P ; 
( Ppos | ' 
t! 
t 1 

t ] 
vell \ 
sid oft } j 
Th | . 
both | 
mouth, tog } 
SO much } ' 
Hearime for ’ 
ear. 1 , ee Te 

It is possible t } rn } I 
sheht weakness of the mu nnerva ; 
the moder e deol leatnes , e left « ? ; 
of the left trigeminal, fa il. and a istic net = fi ae ae ao 
of the medulla oblongata and pons 3°5 cm. to the oht .. toward the 
side of the tumout This displacement was produced by pressure 
the distorted left lateral lobe of the cerebellum, and is very different 1 
the displacement referred to by Oppenheim, whicl to the }>}) 
to the tumout 

It is uneertain whether headache can be caused by. stretching 
the trigeminal nerve it usesaa af feact ncasible. as the nerves of thy 
cerebral dura, according t “Grav's Anatomy, tre tilaments from the 


trochlear, the ophthalmic division of the trigeminal, the semilunar, on 


Gasserlin ganehon, the vagal, thre hy pogl ssiil, and the SVinpathet 


In Case 2, the supra-orbital and infra-orbital foramina on each side wei 
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tender to pressure. The stretching of the left trigeminal nerve may 
lave caused this tenderness on the left side, and the implication of the 
right trigeminal nerve in the tumour at its surface doubtless caused the 
tenderness on the right side 

One is impelled to ask why it is that lateral displacement of the 
‘erebellum does not occur more frequently. 

In a case of Dr. Mills’ No, 342) the tumour was very much larger 
than in Case 2, and was in the same situation, but it formed dense 
idhesions with the left cerebellar lobe and pons, and caused much 
itrophy of these parts. It did not cause any important displacement 


f the cerebellum It was as firm a tumour as that in Case 2, and 





Case 3 [No. 205 \ mall tumour having a similar origin to that in Case 2, but causin 
} lisplacement f the cerebellum 
orew in the same direction, along the margin of the cerebellar lobe 
It caused moderate atrophy of the overlying occipital lobe. The 
adhesions of the tumour to the surrounding parts were much stronge 
than were those of Case 2, and probably in this fact les the explana- 
tion of the absence of displacement of the cerebellum. The pressure 
on the cerebellum from so large a tumour (measuring 5°5 em. 
antero-posteriorly by 3°5 cm. laterally) must have been greater 
than from the tumour in Case 2, therefore neither position nor size 


of the growth is sufficient alone to explain the greater displacement of 
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the cerebellum in Case 2, but between these two tumours a ditference 
exists in the density of the adhesions between the tumours and the 
surrounding parts. If adhesions form early between the tumour and 
the cerebellum on one side, and the tentorium on the other, the likeli- 


hood of much displacement of the cerebellum is lessened, and atrophy of 


the parts about the tumour will occu The cerebellun being bound 
to the tumour by dense adhesions resists displacement, and atrophies 
proportionately to the pressure from the tumour Other factors are 
concerned, however, in the displacement of the cerebellum 

In Case 3 No. 2O5!. one of Dh Mills’, witl Whol | 
patient (reference has also been made by Dr. Weisenburg to this 
case), the tumour was about the size of that in Case 2, was equall 
firm and equally well defined from the surrounding tissues lt cupied 
a very similar position, but, unlike the tumour of Case 2, 1t caused con 
siderable atrophy of the overlying occipito-temp il lobe t} throug} 
the tentorium, and only moderate atrophy of the fommins erebel 
lobe This) tumour measured 275) en intero-poste rly | 3 cm 
laterally, but where t arose from the cerebel -pontiie anvils t measured 
only 15 em The oreantel limmmeter Was at ts oute } I , where 
sent a projection anteriorly which caused pronounced atroph f t] 
occipito-temporal lobe The shape of the tumour as we the atroph 


of the occipito-temporal lobe, which could only have been produced b 
distension of the tentorium, indicates that the pressure from the tumour 
must have been chiefly forward 

The resistance attorded by the tentorium must be another factor in 
the displacement of the cerebellum; where the membrane is dense and 
unvielding, the pressure against the cerebellum is great 

In Case 4 | No. 338), also one of Dr. Mills’, the adhesions between 


the cerebellum and the tumour were very dense, and great atrophy 
of the cerebellar lobe on the same side and of this side of thie pons 
occurred. The cerebellum had not been displaced iterallyv, a though 
this tumour measured 5 cm. antero-posteriorly by 6 cm. laterally 
by 4 em. from above downward The pressure evidently was from 


" 


below upward, for while only slight atrophy of the overlying occipital 
lobe had been caused, this occipital lobe had made a deep indenta- 
tion in the upper part of the lateral lobe of the cerebellum on the 
side of the tumour by the pressure of the inferior and median edge 
of the occipital lobe, and the cerebellum had been pushed upward 


between the two occipital lobes, separating the occipital points as much 


as 6cm. The pressure from the displaced cerebellum on the median 
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side of each oce pital lobe must have been considerable, not so much, 


lowever, as In Case 1, where the occipital points were separated as much 


4 , ree \,» 
ia a , ; ee ; : | 
I i 
Case 4 [N s \ mucl t r tumour than that in Case 2, and hav ‘ milar 
! but i a em tor the er im 
In Case 5 No. 296) where the patient was under my care the 
, . \ 5 


separution Was even vereater large tumour measuring 3° em, 





ntero-posteriorly by 6 em. laterally by 5 em. from above downward, 


leveloped in the cerebello-pontile angle, but its origin doubtless was 


from the dura at the base of the posterior cranial fossa. It was not 
idherent to the brain. The pressure being from below upward, it caused 
| no lateral displacement of the cerebellum, but it drove the cerebellum 

far upW ud between the oce pital lobes, separating the occipital points 
| Q em Such displacement as this, notwithstanding the intervening 
} tentorium, gives a fair idea of the great pressure that must have 
existed, and suggests the possibility of occipital lobe symptoms from 


cerebellar tumout \s the displacement, however, cannot occur until 
the pressure from the tumour becomes great, and not until papillaedema 
has developed, hemianopsia could not be expected, and symptoms of 


occipital lobe lesion would be masked 






















AND 





ARTICLES CLINICAL CASES 





ORIGINAL 





Condensed notes of the two cases selected as illustrative of the two 


forms of displacement described in this paper are as follows : 


Case 1 Uaboratory number 421).—k. M., female, aged 20, was admitted 
to the Philadelphia General Hospital, May 1, 1907, and died January 8, 1908. 
Her sight had been pool since she was 7 vears old. Frontal headache 
had existed about three vears, but it had become much worse during the two 
months before her entrance in the hospital. Two weeks before any notes 
were taken she began to have difficulty in walking and in speaking. When 
she came to the hospital she was unable to walk or stand alone, and had 


a tendeney to fall backward, but the voluntary power in the lower limbs was 

















Cause 5 {| No, 296].— A tumour of the posterior cranial fossa. It has pushed the ex 
between the occipital lobes as did the tumour in Case 1. 


fair. She was very ataxic even in the heel-to-knee test. The patellar reflexes 
were exaggerated, and ankle-clonus and the upward movement of the toes in 
the Babinski test were obtained on each side The movements of the ippe 
limbs were ataxic, and the grip of each hand was weak The biceps reflex 
was exaggerated on each side The voice was whining Weakness of the 
lower part of the right side of the face was present. The tongue deviated to 
the right when protruded. The right masseter muscle was weak, and the 
lower jaw deviated slightly to the right when the mouth was opened These 
symptoms evidently were caused by pressure upon the left cerebral peduncle 
and left upper part of the pons Reaction of the iris to light and = in 
convergence Was lost in each eye, and the left eve protruded. Swallowing 


was difficult. Mentality became much impaired, and = stupor pronounced. 
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Dr. Hansell 
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DISPLACEMENT OF THE CEREBELLUM 





Vils n the eerebellar attitude deseribed by Hughlings Jackson. 
found the late stage of high-grade optic neuritis passing into 
tl CVes ‘he left eveball could he moved only slightly, and 
tL preserved Ss dowbhwarad und shight ptosis Was observed on 

Late in the disease the right eveball deviated out ward The 
mb was a littl weaker than the left Hunger was pronounced, 


aqdnnel Was cael inded ( uly every day The Lipper limbs 


rigia the fingers rere flexed hto the paln sind the torearnis 
ms weross the chest ; ( lowell limbs also became ve ry rigid 
] e let Ove XI led 
Meausuris J @ intero-post riorly by 6 en laterally was 
It cerely llo-pont e anele lL Was very nodular amna well detined 
ul l sen tron tive iia at the base of the brain, ane hac 
ves co ne from the lett side of the medulla oblongata and 
eC Only The cerebellu had been vreatly displaced laterally, 
uc is n Case 2, the edge of the right lateral lobe of the 
ol sO hen ly ol ne i right unele Wit! the brain sten Che 
reed part thre wcipital lobes, and had depressed the basal part 
y-TeII DO obe It st ve stretched the tentorimm sreatly 
rt ol the periphery ot the tumou , especially the ippel part, Was 
ens Hhbrous membrane, and wa yprece Of tentorimm extended 
S embrane The tumour pressed severely upon the left 
thre eht third nerve was not implicated The posterior and 
o ( left bite il V¢ | Cle were muc compressed, The right 
| is dilated at all parts The tumour was a fibro-sarcoma 
De torv numbe DOS he) \\ len ile, aged oa. Wiis seen by ne 
Dr. H. D. Beyvea, December 22, 1910 She had had severe 
teen onths She had nausea and vomiting occasionally, and 
ft become ic yorse Tollowlhg an oOperatior ce) etrotlexion 
‘ ekKs viousl e pall n the head was almost 
( Wils I b wD ning c cler, nd the head felt s though 
er Dress ~ ) S CUSTINGTIV Tore ntense on the 
) eX niled " | s oO hie right sicte Tinnitus like 
vel im the whit ¢ ,and hearing was much impaired in 
ppeared to b Teka lso in the left ea Pain had been 
the right sick ( ce She had vertigo at times 
tlexes ere ed She was ataxic on standing and 
Wits creased by closing the eves Slight nystagmus 
" ) ( bint 
I ! lial eporled 1 dene 1) a | Phere is aleteect of hearing 
{ xierute degree oniyv to ill tones, more marked for the 
( ones This corresponds with a lesion of the WCOUSTIC 
( l Loti Ol she cl 1s Hs Sslonh ti rough the bone to the 
1) 


ol 1) ile Schnwelnltzs clinic, on December a. L910. found 
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a dioptres ol swelling ol the optic dise in each eve, 
hemorrhages on and near the cdises. On December 27 
papilla:dema had increased until the wpex of each disc Wa 
addition, several fresh hemorrhages had formed 

The retlex of the right scler il conjyunctiva and, to a 
right cornea was diminished Diadokokinesis was good in e 
to-nose test showed slight ataxia only on hie } nt side 
moderate: when the patient Was told to bend the heal ! 
she at first was not inclined to flex the knees, and new 
When told to lift the upper part of the body, with tl 
across the chest, she was unable to do so at firs is she alse 
from the bed instead of pressing them against the n ne 

The most serious svVinptoms, therelore, were 1 st 
(more on the left side), pan t times in the vl Slcle { 
with difticulty to be distinguished from the headach = 
at the time ot Xamination diminution ob thre eht co lv 
reflexes: tinnitus and deafness, probably of nerve origi 
rapidly developing papillaedema with nun us haemo SOs 
ing and walking: exaggeration o e tendon retlexes 
Varied in intensityV trom one ¢ il } 1 ) nn 
Hose test ana a moderate ! ! 2) sVnel 

My diagnosis was ot Wnoul ! f 5 cereiy 
deafness of the right ea Was Hot pos vely of ‘ eo 
cerebellum could not be execluct The rigl hind 1 ne 

An opening of large size was made over the oceipit 
Frazier, and the dura was s Much cerebro t] 
thought advisable to p ) e OM n twos 5 
not rally sufficiently » Jus ul Hie s ar }) | 
L few days 

\ tumou neasuril b ¢ nlero-post¢ I ah 4 
found in the Shit ¢ ebello-por f aie It s t ‘ 
it no part infiltrated the bra | id displaced Ce 
t rig HiLle Vitl thie 1) ! Stel Ihe le e) ty 
indented the pons. Tl Aht trigeminal nerve was C 
ut its periphery, but is no nvolved nm tlre t 
nerve-fibres, baving tl orl of the ic stie 1 ‘ ‘ 
and was lost withn I Vits possible tf Lele 
tion whether this Vas thre LCOLSTLE | LC lit nerve 1) 
of any other nerve t t « { be ertin ) 7 S ) 
pressed upon the right sic e medu blongat | ft 
and may have stretched the glosso-] Vinee ind vag , 
of the tutnout ipo Ce pons ana itil oblo } 
distension of the lat il ( ot ie I rl Ve ( 
simme characte is that rt st \ if O-SiLre 
regards these tumours as endothelior ti 
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ON THE FUNCTION OF THE CHOROID GLANDS (CHOROID 
PLENUSES) OF THE CEREBRAL VENTRICLES AND 
ITS RELATION TO THE TOXICITY OF CEREBROSPINAL 
RLUID 


Ss. Po. KRAMER. M.D 


he btline f Iouaschka 1855) the choroid plexuses of the 


das the secretory organs for the 
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vascular projections of the pia 
villous-like processes about 1 to 
CYOSCOP these villi are seen to be 
li, Which again show grape-like 
the villi run comparatively thick- 


highly vascular appeat 
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anes Covering the vill >a layer of large spheroidal epithelial cells 
The choroid epithelium is of the same embryological origin as the cells 
of the ependyma e., the inner layer of the neural tube. The epithelial 
covering consists of a single laver without intervening spaces. In some 


animals, and in man, many of the cells contain clear spaces which 


stain with fat-staining reagents; these are either fat or lipoid bodies 


fig. 1 According to Meek |1| these bodies or droplets increase in 








40 ORIGINAL ARTICLES AND CLINICAL CASES 


size as they approach the apex of the cell and appear to be extruded 
without destroying the cells from which they come. Further, according 
to Meek, the cells from embryonic or young animals differ from those of 
the adult in that they are more columnar, less easily stained, and hav 
the nuclei placed nearer the apex of the cell. This may be an indication 
of a change or awakening of function after birth. The connective 
tissue of the villi is that of the pia mater. 

Benedict |2) described nerves in the choroid plexus of the fourth 
ventricle. Findlay |3 > found nerve-fibres in the choroid plexuses of 
man accompanying the blood-vessels, possibly vasomotor in functior 
Petit and Girard | 4), and later Meek, administered pilocarpine, muscaring 
and ether to animals, and examined the choroid cells to demonstrate 
changes due to secretory phenomena. Meek found that after the 
injection of muscarine in rabbits the height of the cells became doubled, 


the granulation at the base of the cells became heavier, and the apex 


clearer (fig. 2). Similar changes may be seen in the choroidal cells of 
w oe 
ie ia 7 | 
~ Sy a o 





Fy 2 
Three cel from an adult rabt plexu I 
tion x 1,500, wv, Margina ne which h ‘ me thir u ' } ear spa 
toward the apex: ¢. basa rat al é From M 
a dog after the administration of ether. The whole appearance of these 


organs strongly suggests an inverted gland, which, instead of pouring 
its secretion into a series of ducts, empties directly into the ventricula: 
system of the brain 

If the choroid plexuses are stripped from both the lateral ventricles 
of a dog 


saline solution, the injection of the filtrate into the jugular vein of 


recently killed by bleeding, and rubbed up in 2 ¢.c. of normal 
another dog will cause a marked fall in the blood-pressure This effect 
was found to be constant in ten experiments. Fig. 83 is a tracing of 
such an experiment. 

The blood-pressure was obtained by connecting the carotid artery 
of the animal with a mercury manometer. The time of injection was 
recorded by an electric signal The injection was made into the 


jugular vein. ‘The animals were under ether anesthesia administered 
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through a tracheal tube. The animal received | c¢.c., or half the total 
extract made from the choroid plexuses of the lateral ventricles of 
inother dog killed by bleeding without ether. The drop in blood-pressure 
which, in this experiment, began eleven seconds after the beginning of 
the injection, reached its maximum—/.e., 50 mim.—thirty seconds after 
the beginning of the injection, and returned to the original pressure in 
two minutes. The rate of the heart-beat was apparently unchanged. 
l.xtracts made from the choroid plexus of the fourth ventricle produce 
the same reaction. Extracts made from the choroid plexuses of the 
human brain show the same effects in even smaller doses. Extracts 


made from the choroids rf the rabbit, calf, and shee ») do not show this 
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depressant reaction. The reaction is independent of the action of the 
vagus nerves, since the same effect is obtained when both vagus nerves 
have been divided If the extract be heated to 60° C. for ten minutes 
its depressant power is lost If the extract be thrown into a large 
quantity of a saturated solution of MgSO, the precipitate collected, 
washed with distilled water until free from magnesium sulphate, and 
then the precipitate be dissolved in a 2 per cent sodium chloride solu- 
tion and injected into the jugular vein of a dog, the same fall in blood- 
pressure is produced by the precipitate as was brought on by the original 
extract Krom these facts, the conclusion has been reached that the 
‘depressant we are dealing with is a globulin. The thought suggested 
itself that possibly in certain cerebral affections, particularly in such as 
were associated with hyper-secretion of cerebrospinal fluid, this fluid 
might contain an excess of this “* depressant ” evidently secreted by the 
choroid plexuses. Accordingly, experiments were made with cerebro- 


spinal fluid obtained by lumbar puncture in such cases. 
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Fie. 4 is a tracing obtained from a dog into whose jugular vein were 
injected 12 ¢.c. of cerebrospinal fluid obtained by lumbar puncture 
from a ease of adema of the brain following a blow to the head 
producing a sub-tentorial hemorrhage It will be seen that the 
injection caused a definite (55 mm.) and prolonged fall in blood-pressure, 


followed by an exceedingly slow and incomplete recovery. The cerebro- 
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* choroid depressant 
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The injection of 10 ¢.c. of the same fluid fifteen minutes later int 


the same dog produced a most violent and prolonged depression, from 


which the animal incompletely recovered only after an interval of eight 
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minutes. In the case from which this fluid was obtained the individual 
died, and at autopsy great cerebral cedema was found. The ventricles 
were filled with fluid which, when injected into dogs, was definitely 
depressant. It is interesting to note that in a case in which recovery 
from delirium tremens occurred, the toxicity of the cerebrospinal thud 


became much less 
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Whom the cerebrospil il fluid was obtained had had a mild attack of 
delirium tremens which had lasted only forty-¢ wht hours, and al the 


time the fluid was withdrawn his pulse was normal and the delirium 


had disappe red It should also be noted here that as the result of a 
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number of observations made in cases of delirium tremens, the removal 
of a quantity of cerebrospinal fluid appears to have an excellent 
therapeutic effect. 

Fig. 7 is a tracing obtained from a dog into whose jugular vein were 
injected 15 c.c. of cerebrospinal fluid obtained in a fatal case of diabetic 
coma. The depressant effect is very distinct. At autopsy the lateral 
ventricles were found filled with fluid which was also extremely depressant. 

A sunilar depressant result was obtained by Cushing and Goetch |6 
as the first effect of injecting large quantities (50 to 150 ¢.c.) of cerebro- 
spinal fluid concentrated on a water-bath, 30 to 1. 

Dixon and Halliburton | 5) found the intravenous injection of a saline 
extract of choroid plexus caused an increase in the secretion of cerebro- 
spinal fluid, associated with a slight and temporary fall of blood-pressure. 
They found that boiling the extract did not destroy its action on the 
secretion of cerebrospinal fluid; and that the active principle was 
soluble in dilute and absolute alcohol. Their extracts were made from 


the choroid plexuses from the ox, sheep, and man 
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EPIDEMIOLOGY OF POLIOMYELITIS 


BY FREDERICK FE. BATTEN, M.D. 


INTRODUCTION. 


THE purport of this paper is to collect and put together in a concise 
form the facts which are known in relation to poliomyelitis as an 
1 


infective and epidemic disease. For this purpose the subject will be 


dealt with under the following heads: 


(I) Definition of the term ** poliomyelitis” and clinical aspect of 
the disease. 
(II) Nature of the virus. 
(111) History of past epidemics. 
(IV) Certain details in the investigation of some recent epidemics: 
(a) Wickman’s investigation of Swedish epidemic, 1905. 
(b) Lovell’s investigation of Massachusetts epidemic, L9YO7. 
Krause’s investigation of Westphalia epidemic, 1908. 
(7) Lindner and Mally’s investigation of Steyr epidemic, 1908. 
¢) Potpeschnigg’s investigation of Steiermark epidemic, 1909. 
(V) Epidemics of poliomyelitis in Great Britain in 1908, 1909, 1910. 
(VI) Distribution of the disease in London in 1904 
(VII) Conelusion 
(VIII) Appendix, list of epidemics, literature 


(1) DEFINITION OF THE TERM ‘ POLIOMYELITIS ”” AND CLINICAL 
ASPECTS OF THE DISEASE. 


The term “ poliomyelitis’ has been used to designate the disease 
under discussion because it is a name that has come into general use, 
and calls up to most people the clinical picture of a child with a flaccid 
palsy of one or more limbs. Personally, I prefer the term ‘“ polio- 
encephalomyelitis,”” indicating that not only the spinal cord but any 
part of the nervous system may be affected. The term “ infantile 
4 paralysis” is objected to because, although children are to the largest 


extent affected, vet the disease is by no means limited to them. 
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The terms “ Heine-Medinsche Krankheit” and “epidemic paralysis” 
have been suggested. With regard to the first, it has the objection 
common to all diseases described by men’s names—viz., that the name 
conveys no indication of the nature of the disease With regard to | 
the second, I think there is much to be said in its favour; paralysis 
is a wide term and would include most of the manifestations of the 
disease, the word epidemic, although true with regard to a large number 
of the cases which occur, yet is by no means always so. 

It is important to have a clear understanding of the clinical aspect 
of this disease. Poliomyelitis or polio encephalomyelitis is an acute } 
infective disease, having a special selective action on the nervous 
system, and giving rise to a variety of symptoms dependent on the 
portion of the nervous system affected. Such symptoms may be (1) 
a localized paralysis of one or more limbs; (2) an ascending paralysis, 
often rapidly fatal owing to the involvement of the respiratory centres : 
(3) an acute ataxia; } al paralysis of one or more cranial nerves: 
(5) hemiplegia; (6) the symptoms of meningitis: (7) an acute mental 
defect ; and (8) a type of case in which pain, especially on movement, 
is the most marked feature—so-called neuritis. 

Such is the modern conception of the disease It is fully recog- 
nized that there are abortive cases with transient symptoms with on 
without paralysis ; but these cannot be identified except when occurring 
in direct association with a marked case of the disease. Their true 
nature will only be fully proved when some serum reaction or animal 


test is forthcoming. 


(11) NATURE OF THE VIRUS 


It is not the purpose ol this paper to deal with the nature of the 
virus of poliomyelitis, but no paper on the epidemiology of the disease 
can be complete without a clear understanding as to what is known 
of the virus. The work of Landsteiner, Popper, Levaditi, Flexner, 
and Lewis has shown that the disease is transmissible from man _ to 
monkeys by inoculation, that it is transmissible from monkey to 
monkey, that the virus is not killed by glycerination, and that it will 
pass the finest filter. The organism has not yet certainly been 
cultivated in vitro, has not vet been stained, and has not been seen 
under the highest powers of the microscope. The virus can_ be 
obtained from the mucous membrane of the nose of a monkey which ‘ 


has suffered from the disease, and may be obtained from this situation 


, 
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six months after the date of the infection in a still active condition 
(Osgood and I[.ueas). 

The virus is killed by an exposure to a temperature of 55 C. for 
half an hour, it is not killed by an exposure to a temperature of —8 C, 
The virus is not eliminated by the saliva, the urine, or the faces. 

Monkeys living in the same cage with infected monkeys fail to 
eontract the disease. This is attributed to the intact condition of the 
mucous membrane, for it is only possible to infect an animal by way 
of the mucous membrane after injury to this membrane. There is some 
evidence to show that there are slight differences between the virus of 
Flexner and that of Landsteine: 

Levaditi states that the virus of Flexner is neutralized in vitro by 
the serum from a monkey which has been rendered immune to the 
Flexner virus It is not neutralized by the serum of a monkey rendered 
immune to the Landsteiner virus. On the other hand, the virus of 
Laandsteiner is neutralized by the serum of a monkev rendered immune 

» the Landsteiner virus, but it is not neutralized by the serum from 
monkey rendered immune to the Flexner virus 

The Flexner virus is more virulent than the Landsteiner virus. 
The result of these researches would seem to indicate that there is a 
variation in the virus similar to that seen in the typhoid and paratyphoid 
orvanisit 

It has been shown by Landsteiner and Levaditi that when the virus 
is introduced into a nerve-trunk the virus probably travels by the 
lymphatic spaces of the nerves and reaches the spinal segments at the 
entrance of the nerve-roots, so that the paralytic phenomenon always 
occurs in the limb corresponding to the nerve-trunk inoculated. 

Further, it has been shown by Leiner and Wiesner that after the 
virus has been introduced into the peripheral nerve, the infection of the 
animal can be prevented by section of the nerve above the point of 
inoculation 

Animals other than the monkey and ape seem to be immune, 
although Meinicke states he is able to infect rabbits. The similarity 
of the virus with that of rabies 1s striking. The pathological lesion 
in poliomyelitis is also very similiar to that of rabies. It has recently 
been stated by Vipond that cases of poliomyelitis give a positive Widal 
reaction In no case which has been tested for me by Dr. Forbes, 
Pathologist to the Children’s Hospital, has a positive Widal reaction 
been obtained, neither has he succeeded in finding the organism 
described by Dixon, Fox, and Rucker in the blood of cases of 
poliomyelitis, but the number of such cases is at present too small 


to be of any great value. 
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On experimental grounds the incubation period of the disease would 
seem to be from five to six days. The clinical evidence would seem 
to indicate that the period is shorter, the evidence being in favour 


of a period below four days. 


EPIDEMIC POLIOMYELITIS 
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(111) History or Pasr Eprpemics. 
I do not propose to give a detailed account of all the past epidemics ‘ 


of poliomyelitis that have occurred. A good review of 35 epidemics 
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time that the daughter of a family was taken ill, 


with paralytic symptoms. The examination of t 
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I) idemics in England, 1910. 


Garrow reported 13 cases of poliomyelitis in the town of Maryport 


] 
I 


Cumberland, in August and September, 1910 One of these cases 
occurred at the \ llave of Crosby, a little wa out ol Maryport this 
ehild, aged l vear and 10 1K nths, died It 1 Wort! of note that he 

elder sister suffered from an attack of poliomyelitis on June 16, 1908, 
When 2 vears and 3 months old, and recovered most completely in 
four months. 





Dr. Garrow has been most kind in furnishing me with furthe 
information which he has collected about the epidemics of Workington 
and Barrow-in-lurness, and Dr. Beard, the Medical Officer of Health, 
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From a consideration of the facts relative to these cast s, the authors 


e to the conclusion that the incubation period in this epidemic was 

ur days, or less, and from the fact that the children of the A. family 

A 1 not visit tl children of the B. family after the first child, B.B.., 
‘ s taken ill, but that the mother of the A. family visited and nursed 


b. children whilst th nfection to the A. family was probably 
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been shown in all larger statistics—viz., that by far the larger number 


of eases occur in the month of August (fig. 11) 
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Krom the evidence Which has been brought forward one . justified 
in regarding poliomye itis as an infective disease occurring 1n epidemic 


form during the months of July, August and September. It tends to 
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tfeet children rather than adults It is probably communicated from 


L person who presents no sign 


he resemblance f the disease to rabies suggests the possibility of 
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traden der experimentellen Psychopathologia Von Dr. ADALBERT 
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lL Evolution de la Mémoire. Par Henri Preron Pp 355. orne de 
20 figures. Paris: Flammarion, 1910 


An excellently arranged aceount of t | oO 
The first hook deals witl persist wm orhavth ‘ tlie ~ ( 
animals, and the third with memory in fecent ¢ 
and adaptation in animals are concisely ' 


given with remarkable fulness 


Diagnostih der Nervenkrankheiten Von Dh i, 7 I} ( ‘ \] 
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Mit 193 Abbildungen und 2 Tabellen Berlin Karger, LOLI 
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nothing that is not well known to every 


Writers of ‘‘Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
“Brain.” If reprints are required in pamphlet form, with wrapper, title-page 
&c., and re-numbered pages, they must be ordered, at the expense of the writers 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street 
London, W. 

Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of “ Brain” for the Volumes I. to XXIli. inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin’s Street, London, W.C., at the price of 6s. 6d., post free. 


To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 
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of the body from varying in any considerable degre¢ 
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hereditary conditions which may be mentioned as belonging to this 
group are occasionally instances of hereditary ataxy, such as the pedigree 
of a stock recorded by Sanger Brown; other examples are to be found 
in angioneurotic oedema, and certain eye conditions such as retinitis 
pigmentosa, senile cataract, coralliform cataract, nuclear or reticulan 
keratitis, and, lastly, congenital stationary night-blindness—a_ most 
remarkable pedigree of which has been constructed by Cunier and 
Nettleship. I am showing this pedigree because it illustrates the 
fact that a variation or mutation is not easily swamped out by dilution 
with the normal. This remarkable pedigree comprises nearly 2,000 
individuals and extends back for ten generations; it commenced, so 
far as is known, with Jean Nougaret, born 1657; and subsequently 
135 descendants of this individual were affected with congenital 
stationary might-blindness Mendelians claim tl is a proof of 
Mendelism, and assert that the congenital defect is dominant and 
the normal is recessive in this pedigreé Whenever normal parents 
of this stock have married—and in this family intermarriages between 


extracted normals have occurred—the offspring is always normal; at 


ri 


any rate this pedigree proves eametic sevrevation 


characters, whether numerically it follows Mendel’s doctrines or 1 
Another mode of transmission is termed sex-linitation n th ihe 
transmission is not only discontinuous or interrupted = i SUCCESSIVE 
venerations, but the disease is limited to one sex; and in addition ther 
Is this extrat rdimar pecullarity, the disease transmitted | the 
sex in which the disease does not appear It is tl males 
affected in these heredita ex-limited diseases the femal 
who transmit 1 


The most. strikin examples of this mod 


Daltonism, or colour-blindness, and hemophilia | Ow untern 


shide of Dalt mnismn exhibit ne this mode of transmis \s « pole 
of nervous atfeections which are transmitted in tl \ 1} mention 
pseudohypert. phic paralysis and certain allied condition well 
Leber’s disease, opt itrophs Some authorities dispute 
lunitation of these diseases; im any case it may | isserted witl 
confidence that these liseas are almost, if not entirely, ex-limiited 
If defeets, abnormalities, diseases, or predispositions to disease are 
continually arising by germinal variations, and are t readily swamped 
out by dilution with normal stocks in a series of generations, what 
prevents every stock of the whok race becom ne iffected hal 


degene rated ? Before att fo answv thi question \\ 
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neuroses and psychoses and their inheritance, or, 
iunce, Owing to the inborn factor of what we 
ec tendency existing in one or both of the 


Galton, Pearson, and others that just 


ads 
Kewise are 
his Natural 


Ly 


n work on Inheri- 


ince, e tempers of ancestors ma repeated in 
the descendants; there is therefore gametic segregation of tempera- 
ents, as there is gametic segregation of physical characters; so that 
a family a child Day resemble the father or the mothe pr rhaps, 
ne more distant relative, in its physical characters, or in its tempera- 
ent or mental qualiti Such being the case, we can understand 
why, 1 L tamil the yarental stocks of which exhibit neuropathic 
ndencies, oniv certain indiv il offspring may inherit those tendencies 
Vatu ond N CVcaere 
No ch | Ss born Nnsilhie Ith ioh b mn hy 1) mn feeble-m nded, 
from actual cerebral deticiene n every case of neurosis or psve hosis, 
we should endeavour to ascertain what the individual was born with 
nature und what has ippened at or after birth (nurture To 
scertain the nborn factor, it 1s necessal to stud parental 
haracters and those of the parental stocks To collect statistics 
erely relating t the question of certifiable insanit epileptic 
sis qu uticient, for the neuropath tenden nifests elf 
n multiform dd ne iry to see t] fh tages and 
ss obvious conditions of devenerat i! tock Morel studied 
his quest titt ears ago, pointed that nervou ble weak 
that wl tern he neuro temp ent first 
dence ot prove ve degeneration in tl sto 
The morbid neurotic temperament be mati te ! ariety 
ivs by t nduct nd benay rio ved in mnbers of 
the stock ‘| signs of degenera ( | bited are 
elf-centred narrow-mindedne n rel s beliet hat Vs 
ticisn ind nwholesome contempt for trad ston social 
USILGES nd morality ften combined th a { lf-seeking, 
vain spirit of spurious culture, or by false sentin truism, or by 
‘centricities of all kinds uch sien f degenerac fren combined 
with talent, and often genius, but the brilliant intell jualities of 
i. degenerate are inval ibly associated with either a lack val sens 
vw of sound judgment and highest control (fig. 5). 
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Ain unsound stock may have suecessful men in the eves of th 
but these bhi reall form. the first ste] ll the process I 
legeneration for the vice and moral guile which made then 


‘pillars of societ 1 come out in the next veneration as gros ’ 


characteris fits of ! r form of the diseus v., eplleps ! 
present for a patism and sudden criminal impulsivene 
Consequent taking a Ta histor the ! brietl PoOsstbilible 
Of Inissing the inborn factor ol neurosis or psychosis, even thoug! 
considerable amount of care and industry be expended, combined witl 
intelhvent co-operation on the part of the friends (figs. 6 ind 7 


I have pose] rel ned from mentionn LICONOLL htelperance 





especially he 
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to the neglect of the inborn factor (fig. 5 In nervous and mental, as 
in bodily disease, there are nearly always two factors viz.. the soil 
and the seed, the inborn and the acquired environmental There are 


individuals born of sound stocks, that no acquired conditions—e.g., drink, 


poisons engendered within the body or taken from wv thout, head in 
juries, emotional shock, distress and even profound misery and destitt 
tion combined—ean render insane. There are others, and these are 
generally from a neuropathic stock, whose mental equilibriu ly 
disturbed by anv one of these conditions or very frequently, 1\ 
further observations will show, without «a ppare) u xcept the 
conditions appertaining to the sexual functior ' nee. the 
puerperium, and the involutional or climacteric pe 
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1e ship up rather than do this He had invented 


them very clever, and his sons had been engaged 


iterprises. He attributed their mental breakdown 


iccount of the failure of the patents 


Which there were three sisters who were 
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as We have seen in the case of congenital stat rv night- ndness 
ind other conditions, such as brachydactylisin, polvdactylism, & re 
not easily swamped out by dilution with normal stock ! es of 
generations, What prevents the race becoming 1 e intecte suc) 
abnormalities ? 

There is alwavs the tendency to regres to the Verae 
of the species and of the rac The germ-plasm of cs 


endowed with that dynamic, stable equilibt n tixed 
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embers of each succeeding veneration as a whole, or in successive 
rn children of one parentagt 


Darwin in his * Animals and Plants under Domestication refers 
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Sterility often accompanies marked mental deficiency, but there is 

( limit to the fertility of the higher-grade imbecile ; in fact, the poorer 

stock in mental and physical. power and civic worth, the more 

fic it is In our cities and large towns venereal disease sterilizes 

soon the great bulk of women who lead immoral lives; this is not 

n the country districts, where a weak-minded woman may have a 

; rve number of illegitimate children. <A great source In my opinion 
national degeneracy is the prolific higher-grade inbecil 

Before considering the evidence which | have obtained of this law 

inticipation in relation to neuropathic and psychopathic degeneration 

stocks, | would lke to call your attention to some interesting ob- 

vations on this subject by Nettleship He says: “ Anticipation o1 

itedating of onset or of completion in a family might be taken to show 

transmission of an acquired character. But it probably may be 

plained as well or better by assuming that certain defects, taints o1 

es of the system, say of the blood, are not only hereditary in the true 


verminal sense, but able to produce toxic agents in the embryo, 


; ch have an evil intluence on all its cells, and thus so lower their powe1 
resistance hat the innate hereditary factor has free) play, and is 
ly to manifest itself earliet There may also be toxie agents in the 
brvo that have no relation to the hereditary vice, but yet may and 

) obably do act in a similar manner as excitants of the disease.”’ 


| cannot here discuss the chromosome theory, but it is generally 
sumed that there is a particulate inheritance derived from the nucleat 
bstance of the male and female germ-cell in the fertilized ovum, and 
it the nuclear substance derived from each parent is equal in amount 
This seems to be proved by the facts observed concerning the reduction 


the chromosomes in the process of maturation of the male and 


male verm-cells. Weismann adopted the chromosome theory of 
erminal determinants, and Nettleship has modified a diagram of a 
heme of transmission by Ziegler let us see what it shows 


‘ ] 


\ represents the male parent; his immature germ-cells have de- 
ved their chromosomes, germinal determinants or representative 
irticles (Galton) from his father and mother, and they are re spectively 


epresented by different figures. The eight germ-mature chromosomes 


re reduced to four during maturation, two from each parent; the 
igures «—/ indicate the combination of two maternal with two paternal, 
ull diseased, but in different degrees and modes. B represents the 
emale parent, in which there is an inherited taint, but only to a slight 


legree, coming from the maternal side; in the mature germ-cells only 


XN I \ r 
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one containing number 13 will be tainted. C shows some of the results 
which may arise from the conjugation of A x 5. 

Assuming the intensity of inheritance is constant for each chromo 
some or other unit of germ-plasm, but to varv with the number of the 
germinal units tainted, we have as a result of the mating of these tw 
tainted stocks all degrees of manifestation of ancestral characters fron 
perfect normality to the most profound disease. The more numerou 
the tainted verminal units the greater will be the chance of the disease 


appearing in the offspring. On the other hand, the oftene: reduction 





with its possible random arrangement, has occurred e., the great¢ 
the number of generations—the less will be the chance of any particul 
character finding a place in the inheritance (Nettleship 
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Certainly this idea of the scheme explains certan cts Which 

been observed in the pedigrees have show t shows wil { 
ottspring of parents derived from two tainted ancest! | Stocks are li 
likely to sutfer with an intense form the disc | Ss als } 
more of the offspring are liable to be affected and it shows wh i certall 
proportion ot the Hispring may escape entirely : but accordine to the 
hypothesis thus advanced it does not explain wl only relatively fe 
of the offspring are ta nted as compared with the numbers born, ev 
though there be convergent neuropathic inheritance, that is, the germ 
determinants of both parents may be large tainted and vet fewer 
spring are affected by the disease than would be expected In neuroses 
and psychos Ss it is not a disease that is transmitted but a predisposition 


or tendency, and some other factor than the inborn is required to pr 


] 


duce the disease. If we ask ourselves the question, How could Natur 
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to 


unsound germinal determinants 


cause 


verm-plasm of the others free. 


purify the stock by segregation but by concentration 

ne or two offspring; it would lead to intensification and anticipa- 

n of the disease The diseased offspring would be unfit for the 
vle for existence and propagation In putting forward this 
scence theors miilar diseased germinal determinants, I may 
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Since that time, however, a large number of cases have been add 
and the total now reaches about 2,800, and on these cases the follow 
ine statistical investigations have been made 

The material supplied 508 pairs of parent and offspring (from. the 
records of 464 insane parents whose 500 insane offspring have been al 
resident in the London County Asvlums), and in these the age at tl] 


tline ot first attack has been invest vated 


The following tabl Ss compiled from ZIT pars of fathe i? 
offspring, and 291 pairs of mother and offspring The tigures de 
the percentage of cases whose first attack occurred within the give: 


age-pre riods 


\ M 

Under 2 2 { ra. 
20-24 4 s j 

) ) | : ' 12 
O54 (yes 1-4 7S 

) } :a°D r } ] i 
10-44 rs 4 lf . 
15.40 14-3 ou IZ ss 
50-54 7-5 ov l a 
) ’ 3's ri j 
H0-04 ()*] l { l 
foot rt) ~ = 
70-74 i Or4 l 
75-70) O4 
SO) O4 4 


FATHER - 
| FF SPRING \ NG ~ 
} 
\ 
} \ 
bom | 4 
a 
4 
\ / 
4 \ ? " a 
\ \ e 
a ‘ \ a ‘ 
X.‘ 4 
Ay : \ 
: ’ 
€ ' \ , 
\ 
e ™ ‘ \ 
\ oe 4 4 \. 
1 \ 
‘ { 4 ‘ ‘ 
i} @ 24 y ’ : 7 a, ~ 
} ¥ \ a~}-2 €¢ ‘Sa: Ssannme 


These figures are shown graphically in the above diagram, the 


abscissa representing the age-periods, and the ordinates the percentage 
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) cases Whose age at the time of first attack falls within the given 
riods (fi 13 
Investigating the ages at the time of first attack in the insane 
spring of insane parents, | tind in the following pairs that 239, or 
7S per cent., out of 500 offspring had their first attack at or before 
e age of 25 years 
} 4 
he following table shows erage age at the time of first attack 
} ent and offspring 
\ 
i " 19°7 Ae | 
O°2 OT 
r ud 
) ly Laat ! ere sevent re arents whose average ave Was 
) vears at the time of fi ttack, wl ere ass ited with imbecile 
spring 
Lastly, 1 find t n 209, or 55°58 per cent., of the 508 pairs of insane 
nt and offspring, the first atta n the offspring occurred at an age 
nt ro more rs earlier t nou he parent; of these 299 instances 
? 
ntv-three the isp vere Imbeciles 
( tteral Heredity 
The following tabl compl from 193 pairs of uncles and aunts 
h nieces and nephews in which only collateral heredity is manifested, 
d 231 pairs o ncles and aunts with nieces or nephews, in which are 
nceluded those instances where one or both parents of the mieces and 
ephe Ws are also insane The figures denote the percentage ol cases 
vhose first attack occurred within the given age-periods. 
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‘ SomE Fawiny Recorps sHOWING ANTICIPATION 


ither—Involutional melancholia, aged 54 


l Conve! tal imbecile, epileptic, Phvinie 


2) Adolescent insanity, female, aged 23 


ont 


~ 


rrent insanity, alcoholic, first attack at 46: recovered 


1) Girl: Recurrent insanity, aged 15; still in asvlum 
2) Femal Recurrent insanity, aged 13; still in asylum 


insan recovered 





‘urrent 
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(4) Female: Recurrent insanity, aged 23; still in asylum. 
(5) Male: Melancholia, aged 16; died in asvlum 


| Vate rnal 

fwnt—Delusional insanity (non-systematized) ; died in asylum 
Vother—Melancholia at 58; discharged 

Father—Recurrent insanity, aged 42: eventually died in asylum 


Children Both adolescent insan tv, and still in as ae 


s6e 


= = 


) 


Vother—Dementia at 57; died in asvlum 

Children 
(1) Male: Recurrent insanity, two attacks; recovered 
(2) Female: Recurrent insanity; still in asylum 


(3) Female: Congenital imbecility ; still in asylun 


(4) Female: Congenital imbecility; still in asylum; has beer 


prison several times 
- ® 
we @:: i 
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rrandfather, Paternal ti Died al imbecile.” 
Paternal Lunt—lRecurrent insanity, aged 31; died in asylum. 


Paternal Unele—Recurrent insanity, aged 45; died in asylum. 


1) Male: Recurrent insanity, aged 19; still in asylum 


Mak Dementia, aged 32; still in asvlum. 


What conclusions nav be drawn from these collective statistics 


d curves whi [| have shown you in respect to transmission and 
ti pat ! 
First, I should remark that there are more women in asylums than 


en: there are about three times as many male general paralvtics as 


female, and that about 1 to 4 of the deaths occurring in asvlums are 
mn general paralysis Therefore the number of paralytics in an 
lum is not a measure of the numbers that would occur in a card 


stem of relatives who are at present, or who have been, in the asvlums, 


‘ause the average duration of life after the onset is comparatively 
On nevertheless the number of general paralytics occurring among 
ese relatives is comparatively small This is really what we should 


xpect if we consider this disease to be due essentially to the acquire- 
ent ol syphil s and not an inborn taint of a stock Yet probably 
n insane predisposition or a neurotic temperament would make a 
yphilitic subject more hable to the disease. 
It will be observed from the accompanying tables that females 
ore often occur vamong the relatives than males, the proportion being 
much larger than exists between male and female inmates of asvlums, 


vhich 1s about Il to 9 In the ottspring of Insane parents, daughters 


are much more numerous than = sons viz., In the proportion of 


292 to POS. These figures show that the female sex in a stock is 


become insane. The figures do not seem to show that 
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the mother is more liable to transmit than the father, for the pairs 
of mother and son to father and son bear the proportion of 67 to 51, 
Which could be accounted for by the fact that the female sex is mort 
liable to become insane. 


Next. let us see what the tables show as regards the ave-periods ot 


first attack in parent and offspring Il may here remark that congenita 
imbeciles are not sent to the London County Asvlums unless for some 
special reason, and then not until they are past puberty, as a rule 
so that I had to include. under 2O, imbeciles and cases of earl 
adolescent insanity Whether we look at the tables and curves in 


which the number of cases form the ordinates and the age-periods 
the abscissive, or the tables and curves compiled from the similar 21% 
pairs ol father and offspring and 29] pairs of mot 


which the percentage of cases whose first attack occurred within the 


given age-periods are the ordinates, it is obvious that the vreat 2 iyorit 
of the offspring are affected at a much earlier age than the parents; that 
is, there is anticipation or antedating. Whereas the great bulk of th: 


offspring are either affected at birth or in adolescence (62 per cent. are 
under 30), bv far the greater incidence in the parents is in th ny 
tional yx riod (45 to 60 

The female curves of the offspring do not quite coincide wit 
male, but ther s less d Vergvgence than between the parents Wi 
endeavour to offer some explanation of these facts. There is a s 
increase of the mothers at each period from 20 onwards t 60 th 
corresponds at first to the child-bearing period, especially 20 to 30 
here there is a marked difference in the percentage between mothe 
and fathers; after this up to 40 the percentage of fathers predominates 
although the female curve is steadily rising I think the steady rise ol 


the female curve is due to puerpre ral insanity; the increase of the males 


between 30 and 40, shown by a peak in the curve, is probably occasioned 
by a preponderance of the few relatively male general paralyties 

In conformity with the results of direct heredit n parents and 
offspring are the results obtained by the comparison of the tables and 
the curves of collateral relationship—viz., uncles and aunts and nephews 
and nieces It will be observed that the same veneral results of the 


age-incidence of the two generations are shown, although there are 
some strikine differences If a comparison be made of the curves 
when there is collateral relationship only, with that of parent and 


offspring, it will be noticed that there is, as we should expect, a large 


number of uncles or aunts in the earlier periods, and rather fewer of 
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4 ephews and nieces than in the case of direct heredity. But when we 
ld those instances where there is direct as well as collateral insanity 
! iding the offspring of insane parents with uncle or aunt insane, 
n with this more intense forn f heredity added we find a large) 
portion of nephews and nieces become insane in adolescence. This 

=! nw I) she) peal n the curve at an earhes } rl d 
\ | | ‘ ! ( nich rer is i of} indparents to draw any reliable 
I ns as vet I do not mean t itfirm: that ther mav not be 
rs in the data upon which these collective statistical investiga 
| S have Deel Dhdiacte but I think that such a simple fact as age on 
ittuck, inv ne as d ho personal equation on the part of 

) med i men, aflords eful bas for relabl Statistics 1 admit 

| sion to an asvit may not really be the first attack either 

parents or offspring ( no a number of ses, but when 

ne th tl nable to keep an sane relative in 
! nad t c n leration the large number of case 

e systematic plat lopted, | think the fact re sufficient to 

) r\ that ti \) | ne method by which Nature 

. [ eithet 1 r nel mevenerate tock 
ive Not ve ( t ection of facts regarding the proportion 
ffspring born of an ne pare hat become insane, but without 
ecise data, { tu f number of pedigrees, 1 should say 
t it is about | ) é r, the ancestral stoeks on both 
es are tainted s more i : 

) These curv nd fier n to show that if the offspring of an 
sane parent passes ‘e he has a very od chance of not 
eriting e taint Vr fied in ipposing. that anticipation 
np \ t That if one or more are Insane at an early 

period ol | \\ t] > re sane transm to then Ollspt no? 

) "| s there any probability that if these members marry into 

tid KS ft nheritan \ sound? In other words, 1s my 
pothe f anticipat 3 ilescence of the unsound germinal 
rent net ( ec n them, leaving the other gametes 

itive free n accordance th facts? Or is anticipation to 
explained by the facet at t verm-cell from which the insane off 

) pring | leveloped is as old the body-cells of the parent, and there 

re has been subjected to the same biochemical influences? Further 

| ork Is in progress to show what proportion of Offspring become insan 
th direct and collateral heredity and convergent heredity ; also what 
elation there is between the birth of offspring that become insane 
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with the attack of insanity of the parent Some interesting facts have 
also been made out regarding similarity of inheritance and the influence 


of race, Which may be summarized as follows 


TENDENCY TO INHERITANCE OF THE SAME TYPE OF INSANI 

Dr. Edgar Schuster has made a biometric investigation of the above 
material, and his results have been published in the Annual Report of 
the Asvlums Committee for the vear ending March 31, 1910 His 


conclusions are as follows 


(1) A periodically insane son or daughter is mor kely to be 
associated with a periodically insane mother or father than with on 
differently affected, and in the case of two offspring being insane ther 
is even a greater tendency for a periodically insane male or female t 
be associated with a periodically insane brother or sister \\ 
differently atfected 

(2) In the case of delusional insanity the tendency tf Lhe ffection 


to run in families is very strongly marked, and the correlation between 


the members of the same co-fraternity is more strong ked in 
between parents and offspring 

(3) In the incidence of primary dementia of adolescence there 
a strong correlation between members of the same co-ft thre 
is also a decided tendeney indicated for the brothers nd sisters 
imbeciles to be also imbeciles 

(4) There is no indication of general paralysis running in fainilies 
This is not surprising, as it is now recognized to be an acquired disease 
due to syphilitic infection 

Racial Inheritar 

It has always struck me that Jews wer nt of thi 
neurotic temperament, more liable to insanity than Christians. The 
following statistics seem to support this inference 

All the insane Jews are admitted to Colney Hatch Asvlum. The 
number of cards belonging to Jews in this asvluim is SO he numl 
belonging to the non-Jewish inmates 1s 254 The total number of 


inmates is 2,450, and of these 459 are Jews, so that less than one-fift] 
of the total population is Jewish. <A little more than one-fourth of the 
relative cards belone to Jews, so that the incidence of ascertained re- 
lationship among the Jewish inmates is considerably more than among 
the non-Jewish. No doubt the temperament of the Jews renders them 


as a race more lable to the neuropathic tendency, but the greate: 
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widence of ascertained relationship among the Jews is partly due to 
e following facts They are more often visited by their friends, the, 
ive more pride of family, and as a rule are more intelligent and anxious 


t itftord information But to counterbalance this it must be remem- 


bered that the greater number of these Jews are aliens who have come 
mi Russia and know nothing about the relatives who may be there, 
) who have « vrated to the lL nited States Probably, therefore, this 


thet nder-estimates than over-estiinates the yroportion of Jews with 
pro] 


sal itives as Compared th Christians 
Vaudsk n his philosophical work on “* The Pathology of Mind,” a 
I K Il ! on now far too little read, savs: ** Ther Lope ars to be 
t work a silent tendency in Nature to restore an insane stock to a sound 
f regeneration be possil rtoend it if its deweneration be such 
t it Is too 1 to mend This conelusion, which he has arrived at 
fron wide experience and knowledge combined with philosophical 
tuctiol ( s to be p east the icts which | have brought to 
nall t may be asked, if Nature is continually purifying stocks, 
Ww comes the p ition 7? \ | wists, even those who do not believe 
the transmission ‘quired characters in the Lamarekian sense, 
nit that tritional Conditions may be a source OF Variations occurring 
n the verm-plasn ‘} cerm-ce we nourished by the same blood 
| Ivinph as the body- ind prolonged changes in the blood caused 
by poisons introduced into the body may induce permanent biochemical 
Iteration in the blood and ly Which would theretore be capable of 
iffecting t verm-cells, espe during maturation Thus syphilis, 
lecohol and tuberculosis 1 modify the nutrition and cause patho- 
vical Variations in the germinal determinants of the latest acquired 
tructure of the bod viz., the cortical neurones—not necessarily affecting 
them strueturally, but only nutritiona and in their specitie vitality, 
“ALLISINE tendency to an unstab nervous condition which may be 
tarting point of degene) ofa stock, especially when added factors 
Wy s is the strife of cit fe with its feverish pursuit of gain and 
pleasul colpetitive eXaminations, the constantly increasing departure 
from + ple modes of life, the unph logical conditions of sexual life, 


ind the extension of more refined physical and mental enjoyments, 


ons previously unknown 
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system. Any such generalization must not only contain much that is 
common to the views of others, but also many things incompatible 
with the conceptions, even of those with whom we are otherwise in 
harmony. Where possible, we shall always acknowledge our concur- 
rence with those who have preceded us, but in the small space at oui 
disposal we cannot enter into criticism of work with which we are not 
in agreement In manv cases, although our theoretical conclusions 
may coincide with those put forward by other workers, our experimental 
results may differ fundamentally In the same way, similar clinical 
observations may lead us to other conclusions, but it will be impossible 
to stop our exposition in order to discuss these ditferences. 

We shall attempt to put forward in this paper a general conception 
of the mechanism underlying sensation, based upon a study of human 
beings in whom disease, accident, or surgical interference has produced 
some stationary lesion Many of these patients have occupied ou 
attention from time to time for many years, and it will be impossible 
in this preliminary communication to give a complete history of all ou 
cases. We have, however, added in an appendix an abbreviated account 
of the physical signs of certain patients, to Which we shall fre quently 
allude for the sake of illustration 

We lay great stress upon the methods we have used for testing 
sensibility in this research and have therefore detailed them fully 
another appendix to this paper Here we have described the difficulties 
which may arise and the means we have taken to overcome them. As 
far as possible we shall avoid the use of all general terms. We wish 
to lay peculiar stress on the confusion which arises from the use of 
all such expressions as “deep sensibility,” when reporting the results 
of a clinical examination; not infrequently, “deep sensibility ” is said 
to be affected from a lesion of the cortex, when the observer means to 
state that the appreciation of posture, of passive movement, or of 
vibration, is defective. Similarly, ‘ atopognosis ” is a combined loss 
of the faculties of recognizing position in space and the situation of the 
spot stimulated, two functions capable of independent investigation In 
every case, therefore, we shall di scribe our observations under headings 
which imply the simple test used in analysing the loss of sensation 

Cases of disease nay be studied from two aspects. More commonly, 
it is our business as physicians to consider their relation to clinical 
types, and to discuss the diagnostic significance of certain signs and 
symptoms. But, in this paper, disease is simply the means by which 


certain laws are demonstrated and certain physiological activities are 





| 
| 





~———>~_ 


SENSORY DISTURBANCES FROM CEREBRAL LESIONS 105 


laid bare. It is not the disease which occupies our attention, but the 
opportunities it gives for analysing the processes underlying sensation. 
We shall therefore begin by tracing sensory impulses from the point 
where they enter the spinal cord, and follow them to those centres 
where they form the basis of that psychical process we call sensation. 

or this investigation, exact knowledge ot the site of the lesion is less 
iportant than a precise determination in selected cases of the nature 
of the sensory changes. We are occupied in this research with certain 
forms of sensory loss and with certain dissociations of sensibility ; our 
lin is to discover the grouping of afferent impulses at different levels 
f the nervous system and not to determine the regional diagnosis of 
wganic lesions. The most definite sensory grouping and dissociation 
are exhibited in cases where the lesion is stationary and the patient 
otherwise in perfect health, whilst in many instances where the lesion 
could be determined post-mortem the patient was entirely unsuitable for 
sensory examination. It is only by the exact study of these affections 
if sensation that we can obtain any knowledge of the nature of cerebral 
ictivity and of the form in which impulses reach the higher centres to 
inderlie the production of sensation 

It is our pleasant duty to express our sincere thanks to all those 
vho have helped us in this work. ‘To the staff of the National Hospital, 
(Queen Square, we owe innumerable opportunities of observing many 


aluable cases, and Dr. Head wishes to thank them for their generous 


spitality To Sir Victor Horsley we are particularly grateful for 
permission to use our observations on his ren arkable case of excision 
f a portion of the cerebral cortes 

In consequence of such help we have been able to investigate a large 
number of selected cases. This includes twenty-four patients in whom 
he clinical symptoms justified us in assuming certain affections of the 
yptic thalamus. A second group consists of sixteen patients with 
limited lesions of the surface of the brain, most of which resulted from 
successful removal of a cerebral tumour or other cortical disease. In 
this group, the site of the lesion is known with more or less accuracy, 
ind we have included solely stationary cases examined months or years 
ifter operation. We have also examined the effects produced upon 
sensation by acute destructive lesions and advancing cerebral tumours ; in 
this way we have studied the effects of the condition called by Monakow 
‘* diaschisis.” Finally, we have employed the same methods to investi- 
vate many instances of disease in the neighbourhood of the internal 
‘apsule and deeper parts of the brain. 


BRAIN Vol XNNNIV 
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CHAPTER I1.—THE GROUPING OF AFFERENT IMPULSES IN THI 
SPINAL CorD AND BRAIN-STEM. 


l. The Spinal Cord. 


It is a matter of universal belief that man has been evolved fron 


lower animals: and vet, when we deal with sensation and sensory pro- 


cesses, We speak as if he were created with peripheral end-organs, eac i 
capable of reacting to one ol the sensory qualities of human experience 
The impulses starting in these end-organs are supposed to pass unalts 
to the brain, there to set up that peculiar and unknown chang 
underlies a specific sensation 
Spots were found on the skin sensitive »toueh, to pain, t 
to cold only. With the discove) of these highly developed end ns ’ 
the doctrine of specifi nerve-enerev seemed to be ) ve 
strictest manner. All other forms of sensory appreciation were sup) 
to be produced by the psvehi ranstorn F 4 : ' 
sensory elements, in association with -detined facu 
* muscle-sense.”’ Recognition of the calitv of stimu nd tl 
posture of the limbs were attributed t udeme! ind n 
But alongside the systematic investigation | ! thre 
of the capabilities of these specific areas in the skin, tl ; ss 
discovering the importance of “ muscular sensibilit SI ne 
demonstration of afferent fibres in muscles and tendons pl 
existence of the “‘ muscle-sense” bevond a doubt. and the vse he } 
of these afferent impulses from deep structures, in | 
proprioce ptive Svstemn, necessitated a COMplete ey Noratior { the nat ‘ 
of deep sensibility. 
By their experiment directed to this end, Rivers and Head | 33 
that beneath the skin, independent of all “ touch-"" and “ pan , 
lies an afferent svstem capable ola wide range I tunections Pressure \ 
that in ordinary life would be called a touch, can | yp ed 
localized with considerable accuracy Increase of pressure, especially on | 
bones and tendons, will cause pain. Moreover, it is from the mpulses 
of this deep afferent system that we gain our knowledge of t pos 
of the limbs and the power ol recognizing passive movements 
Evidently, therefore, the peripheral mechanism of sensation is less ; 
simple than was at first supposed, Tor there are two sets of end-organs, | 


that can respond to tactile stimuli, and two independent mechanisms for 
the initiation of pain. Further analysis showed that the peripheral 


apparatus in the skin, by which we become conscious of the na 
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external stimuli, is highly complex. No one sensory quality is sub- 


served by a single set of end-organs, but every specific sensation is the 


result of the combined activity of more than one group 


This is exactly 


the result that might have been expected, when we bear in mind that, 


] 


| 


nan is the product of a long evolution. 
g 


t is equally obvious, from an evolutionary standpoint, that these 
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he spinal cord, the opportunist grouping of the periphery 


arrangement according to quality (Head and Thomp- 


pulses capable of generating 


pa Nn become grouped 


me path, and can be disturbed simultaneously by an 


thy | { 
the spinal cord 


In the same way, sensibility to 


be lost independently of one another, showing that 


pon which the ire based have been sorted out into 
ps, each of which passes by a separate system in the 
rkable conall n revealed by an intramedullary lesion 
n of the impulses underlying the appreciation 
crimination two points and their correlated 
of other sensory groups All painful and thermal 

{ he riphe indergo regrouping alter entering 
1, whether th wise in the skin or in deeper struct 
nged according to functional similarity Then, afte 
course. the iss away to the Opposite side of the 

l tra n leaves ill the N pulses associated with 
recognit I ntinue their course unaltered in 
uns; the ire. the survivors of peripheral groups 
passing awa ft certain components nto se condary 


\t any point in the spinal cord, these columns transmit 

from the periphery Which are on their Wavy, alter a 

passage, to regrouping and transformation, but at the 
| 


the path hor dt pulse Ss, arising both in the cutaneous 


stems, which undergo no regrouping until they 


of the medulla oblongata 


m confined to one half of the spinal cord, even at its 





mav interfere with the passage of sensor, lnpulse Ss. 
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some of which are travelling in secondary paths, whilst others are still 
within the primary level of the nervous system. All impulses concerned 
with painful and thermal sensations from distant parts, disturbed by 
such a lesion, will be travelling in secondary paths and will have come 
from the opposite half of the body; for, after regrouping, they have 
passed across the spinal cord. But those impulses underlying the 
appreciation of posture, the compass-test, size, shape, form, weight, 
consistence and vibration will be affected on the same half of the body 
as the lesion. They still remain in paths of the peripheral level and 
have undergone no regrouping. 

In such a case the parts on the side opposed to the lesion may be 
insensitive to pain, heat and cold; but all the postural and spacial 
aspects of sensation will be perfectly maintained. Yet, all power of 
recognizing position, of estimating size, shape, form and weight, or of 
discriminating the two compass-points, will be lost in the limbs which 
lie on the side of the lesion, although tactile sensibility and localization of 
the spot stimulated may be perfectly preserved. 

This remarkable arrangement enables us to analyse the nature of 
the peripheral impulses upon which depend our power of postural and 
spacial recognition. Obviously, even at the periphery, they must be 
independent of touch and_ pressure. The power to distinguish two 
points applied simultaneously and to recognize size and shape requires 
as a preliminary the existence of sensations of touch; but the patient 
may be deprived of all such powers of spacial recognition without any 
discoverable loss of tactile sensibility. In the same way our power t 
appreciate the position of a limb, or to estimate the weight of an object, 
is based upon impulses which, even at the periphery, exist apart from 
those of touch and pressure called into simultaneous being by the same 
external stimulus. 

This long delay of the postural and spacial elements in reaching 
secondary paths enables them to give off afferent impulses into the 
spinal and cerebellar co-ordinating mechanisms, which lie in the same 
half of the spinal cord. The impulses which pass away in this direction 
are never destined to enter consciousness directly. They influence co- 
ordination, unconscious posture and muscular tone, and, although arising 
from the same afferent end-organs, they never become the basis of a 


sensation. 


Finally, the last survivors of these impulses from the periphery 


become regrouped in the nuclei of the posterior columns and cross to the 


opposite half of the medulla oblongata in paths of the secondary level 


a a ee 
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So they pass to the optic thalamus and thence to the cortex, to underlie 
those sensations upon which are based the recognition of posture 
and spacial discrimination. 





The following case is an example of the effects produced by a lesion 
situated in one half of the spinal cord just below the point at which the 
postural and spacial impulses become regrouped in the nuclei of the 


posterior columns, 
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CASE l. Biri wr-Séq ward paralys 
al Right 
























SENSORY DISTURBANCES FROM CEREBRAL LESIONS 11] 
} parts of normal sensibility Over the occipital region 15 kg. of pressure 
pplied with the algometer, produced no pain, whereas on the left half of the 


’ skul e responded to 5 kg Cotton-wool was appreciated everywhere; but 


\ the cent | parts ol the area, on the right cheek and ear, the tickling 
sensiut ! t - ey rke | Wot the left il oOo! the face, Was absent. The patient 
! f ch ola ha of 21 grm. mn within the affected area, and no 
} ference ¢ . a aiscoy ea bet we nthe two hatves otf the tace to measured 
e si sensi tv to ent nal | Vis not dist irbed, the compass 
~ ~ l nt nal ocal ition is pertect 
é e head formed the local mam 
= ( —F) nal « a \s no mos 
’ Ye ~ ( Ss destruc mM appeared as a 
{ s ol | opposite (eft) half o 
? 
| s ) mibin nd to ill legrees 
‘ | Not only was the patient 
( } +s es ) ) 15 to Is | 5 produced’ HO pain ovel 
t All S ( tile sensibilitv wei however, completely 
| } s-)) Cc 1M Cc Lely dist shed ana lo Lliza 
( | ns of the left ar ind le were 
¢ i} ¢ ents wel pprec ed wit nm horn al 
\\ The ¢ hat ( L ! lt ot the body I il s, to the 
) ; ( I I <1 the ( cl convers¢ \l] sensi 
! i lé¢ } I 1 ecliyv preserved, but Live patient 
, e pos ‘ . { m and leg, and could neithes 
‘ ( cl } sit  y eh they had heen placed 
\] ( pRISs : ec ed itil thev exceeded from. five 
. em ts WieX-lnLe on the rig and left 
5. Ch « | Lp} ( ted subt ed the following angles measured in 
I ! ) l 22 
h 
Kexter 17 oy 4 
rut I vt ents ol t t eX were pprec ed, when. the 
rye hee ved ft Ul the } i oO i ees on this. formula, the 
{ ( S se Cases WI i in rv is added 
| ‘ pypres ed ba lly or not at all ovel 
spite ot The complete ntevLrityv ol tuctile and pressure 
sensibility, lL ( pass-points were tt perfectly distinguished on the 
re part eve it a distance ot 6¢ om one another On the left palm 
pe \ byt ed 2 « 
\ll power of recognizing size, shape and form in three dimensions was 


l, in spite of the existence of perfect tactile sensibility. 








112 ORIGINAL ARTICLES AND CLINICAL CASES 


The power of estimating weight and the relative amount of pressure exerte: 


by two otherwise similar objects was lost on the right hand. Moreover, the 


patient was unable to recognize the difference between even the hardest and 
the softest of the objects used to test consistence, when they were compressed 
between the fingers and thumb of his right hand. 

And yet, in spite of this sensory disturbance loealization was perfect in the 
limbs of the right half of the body, and the two points of the compasses, 
applied to the skin one after the other, were perfectly appreciated on the tw 
hands. 
~~ This case is an excellent illustration of the principles laid down in 


this section, and the retention of muscular power in the right hand 


enabled us to test the faculty of recognizing size, shape, form in three 


dimensions, Weight and consistence with an accuracy otherwise lmnpossibl 


In conclusion, we believe that at the extreme upper end of the spina 
cord, just below the formation of the posterior column nuclei, afferent 
impulses pass upwards in three main divisions : 

(1) The impulses underlying sensations of pain, of heat and of cold 
are travelling in secondary paths, in the opposite half of the spinal cord 
from that by which they entered. 

(2) Those impulses, upon which depend postural recognition an 
spacial discrimination still remain uncrossed in the posterior column 
They consist of one group, arising in the deep afferent system, pol 
which depend our recognition of posture, passive movement, weight 
consistence and vibration. A second group arises in the end-organs « 


1 


the skin and these impulses underlie the discrimination I two pomts 


applied simultaneously, and the allied appreciation of size, shape an 
form in three dimensions. 

(3) Contact sensibility evoked by touch and by pressure may remain 
entirely undisturbed. Apparently it depends upon impulses which run 


ina double path and it is therefore unaffected by a purely unilateral 


lesion (Rothmann | 34!, Petrén 28 >, Head and Thompson | 12>). This 
tactile group, formed by the union of tactile impulses within the cord, 
carries With it the impulses which underlie the power of recognizing 
with accuracy the situation of the stimulated spot, and localization 


therefore remains unattected. 
N S. 1 hie Bra W-STOCV 


The larger number of afferent impulses traverse the spinal cord, 
grouped, according to their sensory qualities, in paths that can b 


isolated by disease. This enables us to analyse the nature of the groups 
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formed, either by specific selection at the first synaptic junction, or 


, 

by gradual filtration away into secondary tracts, of impulses arising 
’ originally in the same peripheral system. But, in their further passage 
through the brain-stem to the optic thalamus, the impulses run in 


paths which are anatomically more closely associated. This makes any 
malysis of the grouping of afferent impulses in this region unusually 
' difficult. 
linpulses underlying sensations of pain, heat and cold seem alone to 
run unaltered between the upper end of the spinal cord and the optic 
thalamus. They receive the accession of the regrouped secondary 
mpulses from the face, which cross to join the specific paths for pain, 
for heat or for cold. These paths are so situated that they can be 
nterrupted without disturbance of any other form of sensation on the 
body, and the analgesia and thermo-anwsthesia so produced resemble in 
quality the loss to pain, heat and cold caused by a lesion of the spinal 
cord 
Thus, when a lesion of the bulb interferes with sensations of pain, 
not only may the skin be insensitive to prick but the readings of the 
pressure-alyometer may be raised on the analgesic side. In the same 
wav, the affected area on the body may be insensitive to all degrees ot 
it and to all stimuli capable of evoking normally a sensation of cold. 
It is, however, Important to remember that although the uncom- 
ortable sensation produced by excessive pressure is greatly diminished, 
i lesion in this situation does not usually abolish completely all paintul 


2 > Case 3). Thus it would seem that the vrosser forms 


yressure (Case 
f pain and discomfort may possibly find their way by another path, if 
the usual one is closed; whereas, an equivalent lesion in the spinal 
cord blocks all painful impulses whatever their origin. 

Not only can these three forms of sensibility be affected together, 
but any one of them may escape or be affected alone. Thus von 
Monakow |26)| described loss of sensation to heat and cold without 
analgesia, and in the case recorded by Mann | 22) and later by Kutner 
ind Kramer |19} sensibility was lost to pain and to heat, whilst that to 
cold was unattected (cf. also Wallenberg |41) and Marburg | 23 

The following case shows that, with a lesion of the bulb, the opposite 


half of the body may become analgesic and yet the threshold-values of 


ee a ee ee ee 


sensibility to heat and cold may be equal on the two sides. 


81 This does not nece rily mean that the impulses are carried by uninterrupted fibres. 
t has been suggested by Long [20], Cajal [4], Kohnstamm [17], that the nuclei of the formatio 
ticularis are intercalated in the course of the afferent conduction tracts. Such anatomical 
elay would not interfere with the above physiological conclusions, as it does not necessarily 
mply any regrouping of sensory impulses, 
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although the thresholds were the same, all heat seemed hotter over the atfecte 
half, while cold stimuli seemed colder over the normal parts ol the face 

Sensation on the body.—Loealization, the compass-records, the appreciatic 
ol size, shape, form and weight, were equally good on the two halves of 
body. 

Cotton-wool was recognized evervwhere, and the same measured tactile 
stimulus was required to produce a sensation of contact on the two halves 
the body. There was no difference in the threshold for the appreciation 
roughness and the length of time during which vibration could be recognized 
but both sensations of touch and vibration were more vivid on the no 
on the left half of the body. 

Heat and cold could be appreciated everywhere, but all degrees of warmt 
seemed hotter over the atfeeted half of the body (left). Any cold st ilus 


the othe: hand, seemed colder over normal parts 


The whole of the area fis. 2) shown on the left half of the body 
Insensitive to prick : but it will be seen that a small area in the left perin 
and the greater part of the penis and scrotum of the same side responded 
the prick ol a pin. The left testicle Was, however, ent rely msensitive 
pressure, whereas the normally unpleasant sensation could be easily evoke 
from that of the right side. The pressure of the algometer, ne y to evo 
pain, Was considerably higher on the left than on thre hit lf of the bod 
(fig 2), especially on the palms tna on the soles. 

The position ol the limbs was recognized is well ont One sicte sO 
other, and passive movements ol all the joints we perfectly tpprec 


And yet in spite of perfect recognition of posture and movement, there 


distinct inco-ordination ol the left hand Ile kre W that the movement was 1 
absolutely correct thus, if asked to touch a spot on sheet nm pRLpEe W 
his eves closed, the left index hinge deviated to a ich vreater extent tft 
the right. But so sure was he of the position of the affected hand that he c 
place the normal foretinger cceurately upon the wandering left ina \ 


opening his eyes. 


Thus this case showed (1) a local lesion affecting the sensation of thi 
right half of the face and neck; (2) a remote disturbance of sensibilit 
to pain over the left half of the body with considerable raising of the 
algometer readings over the analgesic area; (3) with heat and cold the 
same threshold was obtained on the two halves of the body. 

All recent work has shown that the paths for the transmission of 
the impulses for pain, heat and cold run up in the neighbourhood of the 
nucleus of the trigeminal nerve. This close local association is pat 
ticularly well shown by cases of occlusion of the posterior inferiot 
cerebellar artery (Wallenberg | 40), Breuer and Marburg 2), Spiller | 39 

In addition to these well-known facts, the following instance of this 


condition also shows that impulses underlying the appreciation of 














SENSORY DISTURBANCES FROM CEREBRAL LESIONS L117 


sture and passive movement have become separated from those con- 
erned with spacial discrimination. ‘The compass-test gave identical 
sults on the two halves of the body, and size, shape and form in three 
mensions could be appreciated on both hands. And yet the amount 

passive movement necessary to evoke a sensation was three to four 
mes vreater in the attected fingers. Kividently, a change In grouping 
is taken place at the posterior column nuclei and the impulses for 


pacial discrimination now tend to run apart from those of postural 


coenition 
C's] 4 try ( ay is of tite p sterioi nei yr cerebellai 
S ii nset December 25, 1908, Seen by us tirst in July, VIO9 
H] j und rotato) Bros is. b diplopia had passed off, Left pup 
f Made, Left palpebora Wssitve Suiatler Thai rigitl Vi ve 
f f f of tl ila / / tl cords and | due i ed ( 
(ra wi / / / Cll bu fe the } j hen | 
\ 
Fe } 
S fed Let f r f pres but se five ft 
j > / / j hii ad ere equal and nor 1 
/ ‘ ti pera j eened a a) on the ere hail 
\ j ) / pi tha ‘ / er the riqdi hats 
/ j tj / ; 8 / } Si Hilily Tt pie (re-pa 
; ; / ‘ / / 
}) } f } ‘ f passive i enent right aru 
| f f i 
W.S.. a man, aged 50, suddenly fell upon the floor just as he had finished 
kfast on C istmas morning, 19OS He was not unconscious but intensely 
On trving to rise he fell to the right, helpless and unable to stand 
\ Cill on at once und was almost continuous for thirty-six Hours 
HH Was put to bed, where he remained tor eight wee ks, compelled to lie almost 
ste 7 s le sicle 
Fro the beginning e complained that the right half of the body ~ felt 
fand numb, tlthough he could apprecilate ~ the shghtest touch” and knew 
ve his limbs lay in. bed He could alwavs move the right arm freely, but 
ts inable to ise il fol tuking food he sald, — could hold ww spoon mm my 


ind, but I could not be certain of putting it properly into my mouth. 


the same wav he found some difficulty in directing the movements of the 


When he left his bed, it the en | ol eienht weeks, he stuggered aus il drunk 
d alwavs felt as if he was falling towards the right. But on the other hand, 

en sitting in a chair he frequently seemed to be drawn over to the left. 
This giddiness disappeared completely in seven months and he recovered 


sufficient control over the right arm to return to work in July, 1909. 








118 ORIGINAL ARTICLES AND CLINICAL CASES 


l 


Immediately after the stroke he saw double; the two images appeared sid 
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* duller” sensation on the left half of the face. Both sides responded equally 
well to vibration and to the compass-test. 

Sensation on the body—All forms of taetile sensibility were perfectly 
preserved, vibration was appreciated and localization was perfect on both sides 
The compass-records were equally good from both hands and from the soles 
of both feet. Weight, size, shape and form were accurately recognized, 

Sensibility to prick began to be defective at the line marked on tig. 3 
The loss of sensation gradually deepened until on the right arm, trunk and leg 


it was complete. Over the whole of this half of the body, the pressure necessary 


to cause pain was uniformly higher than over similar parts on the other side, 
as shown by the numbers on fig. 3. Both testicles were sensitive, but the 
sensation was more uncomfortable from the left than from the right 


Over the same area on the right half of the body he was insensitive 
all degrees of temperature and, although the borders of this loss of sensation 


corresponded to those of the analgesia, they were more cefinite 


The power ot recognizing posture was also certainly somewhat din Inished 
in both the right arm and the right leg. The existence of this loss was cor 
firmed by measurement of the smallest perceptible movement. Thus extensior 
and tlexion ot the index-finger of the left hand were recognized with a move 
ment of just over 2.; whereas on the right hand the average flexion necessa 
for recog ition Was 7 . wi ilst extension of over S&S wis eq red to evoke 


sensation of movement. 


This typical case of “ occlusion of the posterior inferior cerebella) 
artery ~ showed : 

(1) A sensory disturbance over the left half of the face representing 
the local lesion. 

(2) Analgesia, with raising of the algometer readings, and complete 
loss of sensation to heat and to cold over the right half of the body 

(3) Diminished recognition of posture and passive movement in 
the right arm and leg, but all spacial discrimination was perfect 
(compass-test, appreciation of size, shape, form) 

(4) Slight cerebellar inco-ordination in the left arm and leg, whicl 


was not increased by closing the eves. 


When all afferent impulses from the face have undergone regrouping 
and passed, in secondary tracts, to the opposite half of the nervous 
system, the various sensory paths are gathered closely together in 
preparation for their ending in the optic thalamus. Every sensory path 
now lies within the opposite half to that by which the impulses entered 
the central nervous system. 

From the analytical aspect, these mid-brain lesions can give litth 


information as to the grouping of the elements underlying sensation 
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Vision in the right eve was 7s, in the left ¢; the fields were not din 






and both fundi were normal Hearing was not materially atfected e 
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was nowhere absent except in the left palm \ll the algometer readings were 
little | ighe) on the left than on the right half of the hody, especial] on the 

left palm and sole. 

the left lf of the body and face, but eold 

could be wpprec ed The left leg, however, Was Insensitive to all degrees ol 


ent and cold Thus on ne upper extremity ten y* ratures above i C evoked 


sensation of paradox-cold, whilst on the leg they caused discomfort only. 


The eclinieal signs indicate that this lesion started in the mnid-brain, 


‘ 
oe Sar i. te. ie Ohiheicen 
sepa ed thy ; Wl ‘ ‘ Dus 1 rt Tile Dri The nteriol 
rio t t Hons . fed tol "> : ! cleypot 1 the Chit sicte 
1 ‘ I left s t Ihe l ) Wils iy OU -Ce led c ha 
Here, then, is a case where a malignant growth affected the corpora 
iadrigemina and that portion of the mid-brain at a point where the 
iths for sensor lupulses are converging to end in the thalamus. 
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separate secondary paths on the opposite sid 
to that by which they entered. They rec 
regrouped afferent impulses from the nerves of 
of the neck 

Although these paths are frequently att 
independent of one another, and any one o 
sensation may be dissociated from the others 


(2) Lestons of the spinal cord tend to d 


forms of painful sensibility, but with disease of 


forms of pain and discomfort may pass ti 


discomfort produced by excessive heat 

(3) The impulses concerned with postura 
with those for spacial discrimination at 
{ p» to this point, thev have travelled toveth 
the spinal cord, but as soon as they reach t] 
they separate Above the point where the 
the power of recognizing posture and passive 
independently of the discrimination of two | 
of size, shape and form in three dimer 

!) It would seem «as if those elements 
their associated tactile impulses before the 
end in the optic thalamus. The long cone 
the integrity of tactile sensibility is here br 

All these chanve Ss alt repal Lol 
take place in the optic tha nus, and I 
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ths by which impulses are carried onwards to the cortex; no path 


sses upwards without undergoing a relay in some part of this organ 


We shall now attempt to discover the changes in the grouping of 


ent impulses which occur after they have terminated in the optic 


nus, and the part plaved by this organ in sensation 


It is obvious that, if a atferent mipulses undergo a relay in thre 
thalamus i lesion at a point where they enter this organ ma\ 
ipt them before they hay indergone regrouping they may be 

tf before they have reached the thalamic junction, and the loss of 
sation would then « respond 1 thit produced by a lesion of the 
l-brain, although the disease might lie in the optic thalamus On 
e other hand, sensory impulses may reach the optic thalamus undis- 
bed and undergo characteristic changes in grouping; but the fibres 


h conduct them from the thalamus to the cortex may be inte 
pted by the lesion Finally, since lesions of the optic thalamus are 
f vascular origin and tend to disturb anatomical areas rather 
inctional paths, they not infrequently interfere both with the 


pulses which enter the thalamus and with those which pass away 


Our business is to determine the nature of the sensory changes 
duced by interruption of sensory impulses at Various points in their 
urse, and for this purpose we must be able to recognize that a lesion 

uated within the optic thalamus. This we can do, largely owing 
the work of Dejerine and his pupils; for he pointed out first with 
er |6 > and later with Rouss 7 that lesions, which involve the 
tic thalamus, are often characterized by a group of symptoms of 


ch pain in the affected half of the body and other sensory dis- 


wbhances form an integral part These clinical symptoms and signs 


ive been further elaborated by Roussy | 35} and have been erected by 
mi into a “syndrome thalamique.” He has shown that a lesion of 
e optic thalamus may produce the following characteristic changes 

1) A persistent loss of superficial sensation of one half of the body 


ui face. This loss to touch, pain and temperature is more or less 


etinite, but the loss of “ deep” sensibility is always more pronounced, 


2) Slight hemiataxy and a more or less complete astereognosis. 


4) Acute pains on the same side, persistent, paroxysmal, often 


tolerable, and yielding to no analgesic treatment. 


(4) Shght hemiplegia which produces no contracture and rapidly 


isses away. 


5) Choreic and 





athetotic movements in the limbs of the affected side. 
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He pointed out that the sensory loss and the pains are alone due to 


the lesion of the optic thalamus, whilst the other syinptoms are produced 


by destruction of surrounding parts. 


Roussy has now established 
“syndrome thalamique”’ by 
Which show 


, Winkle 


have been reported 


sneralization (Long | 21 


oe 


the 
tive post-morte wm eXalninations 
the 


and van Londen 


anatomical 


truth 


significance of 


this 
Others 


Dejerine’s original 


The following case exactly fits into Roussv's category 


CASE 5.—Mrs. C. H., a woman, age 


on 


May 238, 
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Here, then, we have an instance which exactly corresponds to 

Kioussy’s description of the “syndrome thalamique,” for not only were 

ertain qualities of sensation definitely diminished but spontaneous and 
tractable pains were present on the affected half of the body. 

In the following case, where the site of the lesion was verified by 

topsy (No. 6), the loss of sensation was extreme, but the patient 


ttered from the same intense pains. 


CASE ¢ \ { 49 s suddenly s ed W emiplegia s 
this b ( i ODs W he Wis first see ere S 
pALeSIsS ef] s | | er t abnormal. Speech was 
thee I ( ‘ ( SCN ( ! ( » Ove whole 
1) ] {ts s 2 r ( a) { 
Sensip 1) ( pressure iS ed, and he eould 
| ( | \ bod I] 
s { Le ed to 
‘ - ‘ I it oe. €3 3 iced 

{ r { | 

} ! ( t my ec 

! ( ‘ ba ( 

( r ~ se rulial 
We have observed twenty-four rl milar cases, with 
hele! ptoms and to yustil nm diag QO lesion mn 

nalar li Lou has described In some the loss 
tion wa ss than that in Case 5 and othe t was even 

] found n Case ¢ 
Lhe Ss OL sensation diffel nno wa irom that prod iced 1) nter- 
Hh SeHSO! mipulse .eitheras they enter thi Optic halamus o1 
pass to t cortex by way of the internal capsule But to thes 
uw defects another factor mav be added when the lesion destroys 
n parts of the optic thalamus This fresh factor, which alone can 
t buted to the disturbed activity of this organ, is a tendency to 
MPSSIVE to unpleasant thinul The pric] f 2 pin, painful 
excessive heat cold, all produce more distress than on 
normal lf of the body, and this 1s the essential feature in all the 
with which we shall deal in this chapte There are other cases, 


e the opti thalamus is destroved, in Which the spontaneous pains 
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and the characteristic over-response are absent; but with these we ar 


not concerned at present. 


A) The Response to Unpleasant St 
/ 


We have cited Mis H Case 5 is a characte stic instance 
the “ svndrome thalamuacque lescribed b Roussyv, and we shall n 


proceed to investigate her behaviour to measured paimtul stinul 


[f a pin is lightly dragged across the face or trunk from the right 


to the left half she exhibits intense discomfort when tt passes the middle 


line: she not only calls out that t hurts her mo a by Wb lie race be 11d 
contorted with pain. But she insists that, although the stimulus 1s mor 
painful, it is “less plain and “less sharp” than over normal parts 


the prick is less distinct but it hurts her more 

This “hyperalgesia.” or over-reaction, would seem to point to a 
lowered threshold to the prick of a pin Sut measured stimulation 
with both the spring and the weight algesimeters shows that. if an 
thing, the threshold is a little raised; she never responds with certaint 
over the abnormal (left) half of the body to a stimulus which can evoke 
sensation of pricking on similar normal parts to the right of the middl 
line. And vet, if a measured stimulus of the same strength is applied 
to similar parts, more pain is evoked over the affected than over the 
normal half of the body; the same stimulus, provided it is sufficiently 
strong to cause pain, produces a more uncomfortable sensation on the 
abnormiail side. 

This remarkable over-response to prick was present in twenty out of 
twenty-two patients in whom the strength of the stimulus was carefully 
measured. But in no instance was the threshold lower on the atfeeted 
half of the body ; in thirteen cases it was identical on the two sides, and in 
nine a decidedly stronger stimulus was necessary to produce a sensation 
of prick, in spite of the greater discomfort experienced by the patient 


when pain had once been evoked 


hy) Painful Pressure 


Throughout our work we have attempted in every case to measure 


the amount of pressure which evoked pain. Cattell’s algometer was 
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of the threshold to painful pressure, not 
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Obviously, the pain produced bv excessive pressure contains 


sensory factor to which the abnormal half of the body is peculiarly 


ceptil le 
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hat the pressure 
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something terrifying about the crushing sensation, especially when a 
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bone is pressed upon. The condition evoked is less a pain than an 
unbearable and distressing sensation, and in this way differs profound] 
from the prick of a sharp point. Both stimuli produce pain and dis- 
comfort ; but, whereas a prick produces a sensation of pain associated 
with more or less discomfort, pressure upon bones and other dee} 
structures evokes more discomfort than formal pain. 

In these cases of over-reaction on the affected half of the body 
it is susceptibility to the uncomfortable element of a stimulus whicl 
is increased, rather than sensibility to pain. Not uncommonly, th 
threshold may be actually raised to prick but lowered to pressure 
pain, although both stimult produce greatly increased discomfort ove 
abnormal parts. 

Any loss of sensibility to pain delays the appearance of this ove 
reaction; but as soon as the stimulus is strong enough to cause pai 
the discomfort will greatly exceed that produced by the same stimul 


over normal parts 


Wherever this over-reaction to painful stimuli exists, the respor 
to the more extreme degrees of heat and cold is usually char 
Thermal appreciation may be unaltered, may be diminished, or may | 
actually lost, and vet the discomfort produced by cold and hot wat 
will be greater on the affected than on the normal half of the | 

In the case we have cited above (Case 5), thermal sensibility w 
diuinished, hut Live respaoline WilS) There htebise a? Live utiected 
All temperatures between about 27> ¢ ind 46° C. were less cold 
less hot over the atfected parts But everything bar ibout 44 ( 
and below about 26° C. was thought to be hotter or colder thar ! 
the normal side The more the temperature of tl stimulus 
below or rose above these limits, the more uncomfortable it became 
the affected half of the body, compared Wit normal parts We sh 


show later that there is in all probability no actual increase ins 
bilitv to heat and cold at these tempera ives; the pal ent transiated t 
increased discomfort into terms of greater cold and heat 

All sensibility to heat and cold may be lost, and vet this over-rea 
may still occur on the affected side. But in such cases the s 
must be intense; the heat applied must be above 50° C., and the ¢ 


required will usually lie below 15° C., and sometimes even melting 1c 


necessary to evoke this over-reaction. But when once a stimulus has 
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en found capable of producing a response, the discomfort is excessive 
n the affected half of the bod, 

) In these extreme cases the discomfort may not be expressed in 
erms of heat and cold lor instance, in Case 6, ice and temperatures 


bove 55° C. produced an intense reaction The patient's face was 


’ mtorted as if in pain, and he cried out, “ Oh, something has caught 
ie; “something is forcing its way through me, it has got hold of 
1e, It Is pinching me.” 

| lo the most interesting group, however, belong those cases where 
nh excessive response was evoked on the affected side, in spite of a 
ermal sensibility otherwise perfect In Case 3S (p. 219), for instance, 

threshold for the appreciation of heat and cold was identical on the 
wo halves of the body, but whenever a stimulus produced any but 

, e mildest sensation of cold, it seemed ** colder” and more unpleasant 

the atfected than over the normal prlini. A stimulus recognized as 
did not become ** hott on the afteeted hand, until it was raised 

; between 40° and 45° ¢ 

} Hus, n conclusion, wheneve i thermal stimulus can produce 

\ rt, this will be greater on the affected than on the normal side 

f _ ud the appreciat rt) { heat ind cold Jy sufficiently preserved, 

adiscolntort Ww ! thought to tply a pn eher or 2 lower grade 
| temperature ! the stimulating object : t will seem “ hotter” on 
der” than the ime t np iture on the normal side. If thermal 

4 SIDLUtV Is ¢ ually p rfect on the two halves of the body, the excessive 

ponse will begin as so s the stimulus seems definitely cold but 

{ hot seem ~ hottel 1 the itfected de, until the temperature ol 

f I is red I it 45 ¢ LDoy 

. { | { S/ “ia 

Discomfort ts purest form is produced by stimulation of the 

ra, and we therefore compared the condition of testicular sensibility 

two sides in patients who showed this over-response to painful 
If care is taken not to pinch tue scrotum, the characteristic testicular 

’ 

Siibion, a che he discoimtol cain bb evoked with no other accom- 
ment than a sensation of not unpleasant pressure Many patients 

} rripladrye 1 that the discomfort Was nore Intense in the testicle of the 

fected side Pressure, sufficient to produce “a slight feeling ~ only on 


normal side, caused a wide spread expression of discomlort and brisk 


emasteric movements of the testicle on the affected half of the body 
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The glans penis is endowed with a peculiar form of sensibility whic 
ditfers normally from that of the skin in the absence of the more d 
criminative faculties (livers and Head |}33)). Heat and cold can t 
distinguished, but the finer grades of temperature are not appreciated 
A prick causes a more widely spread sensation and is more unpleasant 
than over the rest of the normal skin In fact, the glans penis Is 
orean endowed chietly with the more affective elements of cutanes 
sensibility, and it is therefore a peculiarly appropriate feld for exam 
tion in cases which exhibit the over-reaction on the abnormal side 

When the glans is pricked with such an instrument as the alge 
meter, the same streneth of stimulus ma be necessal to evoke pa 
on the two halves of the organ: but the discomfort described by the 


patient and obvious from his expression is greater on the abnormiat tl 


on the normal portion 


; 


( Sy raping, Roughness, Ll Ara } 


All the stimuli, considered so far, contain for the normal person sol 
obvious element of pain o1 discointfort But, in these cases of ove 
reaction on the attected side, scraping the palin or the sole of the foot 
moving a rough object over the skin, or even rubbing the hairs, ma 
evoke an unpleasant sensation, unlike that from the normal half of t} 
body. 

The ditterence between the two sides is, as a rule, most evident 
When the observer gently scrapes with his tingers the patient's paln 
Under normal conditions this is not unpleasant; but on the affected 
side the patient may ery out and attempt to withdraw his hand H 
face is contorted with discomfort One patient complained: “It is 
horrid sensation, as if my hand were covered with spikes and vou wer 
running them in; it is not painful but very unpleasant.” Frequent! 
this sensation spreads widely, running up the arm or the leg, and 
often started with peculiar ease from the sole of the foot Cloussy | 36 
Case 1). 

This excessive response to scraping is frequently a striking feature 
during examination with the Graham-Brown  wsthesiomete: This 
instrument serves to estimate the appreciation of roughness by measur- 
ing the extent to which a tooth must be protruded from a spherical 
surface in order that it may seem “not smooth.” We not uncom- 
monly found that the * raking” sensation produced by this instrument 
was greatly exaggerated on the affected half of the body. But in no 


case was the threshold lowered. In soine it was equal on the two sides, 
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DISTURBAN( 





ES FROM Cl 


n the larg ajority the discomfort produced was greater on the 
, ected side Occasionally, even the rubbine of the smooth surfac 
the affected parts caused an uncomfortable tingling, which confusec 
patient 1 rendered measurement impossible In one case the 
unent prod lon nsat f roughness, but the tingling an 
i 
j Maa these patie ( tained that they could not be shaved o1 
fected cl I Ise It seemed 1 the iZOr Was ~ passing ovel 
su \ » i bye ¢ ha ne the haircut on the atfected 
) f the ] b4 ( he d nnfort, and others complained of the 
Int I ttelipt 1 \ ! r nalis 
| () . | ( n he Vibration f the tuning-fork may give. rise 
! npleasant ( s ) \ ! Spreads \\ lely Vel the attected 
thre t ‘ ~ 7) ( | 
\ hu ! hes e aft | parts react more strongly t 
; 
| tll l happen 1 l ! crapin Wit) thr finvers, the 
! lt roug byects 1 eC Sh shaving, cutting the hair o 
} bration { ining-fork may cause discomfort 
} l ny} t sens n than on the normal side 
l / 
, When the ty f the ft ers are gently moved over the palm or 
( r wi ears and other hair-clad parts are stimulated 
h cott ckling sensation can be produced in most normal 
! not unpleasant, and in some people the movements 
thdrawal which it are accompanied by smiles of amusement 
' n those ¢ hit rized | hn over-response to painful stimuli 
' sling is usuall npleasant Several patients insisted that the sensa- 
nh produc n the normal side was not disagreeable, whilst that from 
abnormal parts was quite different and unpleasant. In all such 
t! r I Ss ore ! ni tected half of the bod 
13 / I POMS Pleasurabl Simin 
So lar we Ve HST | over-reaction of the attected half of the 
ly to stimuli w are in themselves unpleasant, or are capable under 
tain conditions of evoking an unpleasant sensation We were anxious 
discover if sensatior normally accompanied | pleasurable feeling- 
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Unfortunately, the greater number of the methods applicable for th: 


measurement of sensibility either produce discomfort or, like the tests 


for weight and for posture, evoke an entirely indifferent sensation. Dut 


in the milder degrees of heat we possess a measurable stimulus endowed 
In the 


with a pleasant feeling-tone. 


showed 


an 


over-reaction 


to 


the 


sensation was at the same time 


uncomfortable 


More 


or 


less OVTave ly 


asp ct 


lost ; 


ol a 


inajority of cases, however, whi 


stlinulus, 


and this loss 


was particularly liable to fall upon that portion of the thermal seal 


which normally vields a sensation of pleasant warmth ; 


this test is usually inapplicable. 
On the 
abolished, warmth applied over 


other 


feeling of pleasure. 


it was warm until he 


hand, 


Thus, 


pleasant and soothing to the affected foot, 


nN 


a 


touched 


way, many patients found the 


pleasant 


on 


the 


abnormal 


few 


one 


a sufficiently 


cases when thermal 


lars 


in such cases 


sensibilits 


fe osurtace 


l- 
eCVvorRed 


of our patients found a hot-water b 


t 
t 


with 


Warlil 


side, 


ly 
Wilhlo 


+ 


SOD LE 


ugh 


but 


did hot 


1m such mM 


et 
In 
rvel 
ihiles 


nize i 
the 1 
musu 
tations 


pleasure were duced when it was applied to normal parts of the b 


In one case, we were able to show that 
any thermal stimulus as such, and 
chest large tubes containing wate 
intense pleasure. This was shown 
face but by her exclamations, yh! 
very pleasant ‘Temperatures of 50 
below, caused vreat discomfort vt] 
cases (ride p. 226 

Several of our patients, howev 
low as 34. C.on the affected If of the 
tion evoked was one of pleasant 
vreater on the atfected sid In one 
38° Cl applied to the normal palm was 
cried out W th pleasure Whe t was | 
free broke into smiles and Si 
real pleasant Apother patient said 
but iG is More soothing, more pleasal 

The following obser ns were } 
educated man We determined the 
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\ 
then attempted to discover at what point unpleasant heat became 
mverted into pleasant warmth. On the affected hand a temperature 
) 50° C. was “too hot,” “very unpleasant,” whilst it was ‘not so 
1’ on the normal palm; 48° C. was still “ too hot,” but 45° C. became 
real pleasant,” although it was “simply warm” on the other side, 
Thus in this case excessive pleasure was converted into excessive 
liscomfort at about 46° C. This is the temperature at which, on 
ntrospection, we are conscious that hot water gains a “sting” absent 


from the lower degree 8. 


| Cold has no pleasurable element, at any rate during the greater 


part of the year in this country. As soon as a sensation of cold is 
duced it is said to be “colder” and ‘‘ more uncomfortable on the 
tfected half of the body The threshold, or point at which a stimulus 
said to become cold, generally les somewhere between 24° C. and 
| 7 C.. and, as soon as the sensation of coldness is well ce veloped, this 
nnfort begins. So far we have been unable to find any temperature 
, ch produces a sensation of pleasurable cold 
Thus, in conclusion, we find that in cases where the pleasurable 
| spect of heat can be appreciated, the pleasure is accentuated on the 
tected side; vet the threshold for the appreciation of heat is never 
| vered and may even be raised on the side of the excessive reaction, 
| 


> ( The Be hav iM) ]/ tlie I fhe fea Halt Of Tile Body ‘ai 


Sfates Oo | Day tio) 


In the preceding sections we have seen that the two halves of the 
espond differently to affective stimuh But no one seems to have 

enized that states of emotion may evoke cifferent manifestations 

) e two sides; not only can pleasant and painful stimuli produce 
onger reaction when applied to the affected parts, but the two 

es f the bod mav behave ditferently to mental states of pleasure 


i discomtort 


Musie is peculiarly lable to evoke a different reaction on the two 
le to go to his place 


es of the bod One of our patients was unab 
ship. because he ‘‘ecould not stand the hvinns on his affected side,” 


| his son noticed that during the singing his father constant rubbed 
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movements Were a prominent feature n this case, a 
unpleasant sensation was evoked in the atfected sid 
were accentuated. The singing of a so-called c 
entirely cold, but “A che la morte produced so v 


the abnormal half of the body that she was obliged 


sound of a bell, produced no abnormal effect, and cl 
the uffected side tract ho d it nce to tn Chil 
the response 


\ highly edtcated patient & essed that hie | 


amorous since the attack, which had rendered thie ol 
more responsive to pleasant and unpleasant stim 


mv right hand on the soft skin of woman It’s 1 
wants the consolation I seem to crave for sympathy 
Finally he added, ** Mv right hand seems to be 1 e art 
Thus, not only does the abnormal half of the | 
vigorously to the affective element of a stimulus, but 
can also be evoked by purely mental states The un 
Increased susceptibility to states of pleasure and p 


lateral and mav lead to many curious complica 


some cases, the amount of this loss is s nsignin 
discovered by measurement only, we n imagine the 


1 
some sensory loss It mav val ! int. fron 
sheht tha Ss scares recog Lyle » te dd 
() i t i 
side ex sal t t i) \ i 


I i V I ! t . i 
At tl Lime the s} tar mk became 
t S that t Lor } { Tor a n } 
exa rat rhe? 1 W } i 
oppos i g | I s 
fl re s n iffe } 1 b 





up and started to shake.” The characteristic, so-called 
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forms of sensibility so severe that only the erossest stimuli can be 
perceived, 
The vehemence of the excessive response bears no relation to the 
extent of the accompanying loss of sensation. Sometimes, severe dis- 
] 


comfort mav be evoked by atfective stimull in cases where s nsibility is 


erossly diminished; but many patients with but slight loss suffer great 
discomfort, for the existence of a sensibility of approximately normal 


cuteness opens the way to the reception of more impulses that can 


ay The [ppreciatio f Posture and Passive Movement 
I 


With lesions of the optic thalamus and neighbouring parts, the 
ppreciation of posture and passive movement suffers more frequently 
in any other sensory qualit Sometimes, the ordinary rough tests 
reveal no obvious defect, although measurement shows that the recogni- 
m oof the position of the hand, or the power of appreciating passive 


movement, is less accurate on the attected sid Thus in one case 


passive movements of the normal index were appreciated within a 


range of from 3) to 3°5° (flexion, average 3°5°: extension, average 3°), 
Whilst on the tfected side, movement was not recognized under from 
7 to S” (flexion, average 8 ; extension, average 7 At the opposit 
pole stand such cases as No. 6, a patient in whom the lesion was deter- 
ned post-morvten This man was totally ignorant of th position of 
right arm and leg, and could not recognize passive movement as 


Hh inh the nibs of the affected sid 
Between these two extremes all grades of diminished appreciation 
posture and of passive movement could be discovered. These two 
inctions were always found to be affected together, except In two cases, 
ere the defect in the appreciation of passive movement was slight 


nd lav close to the limits of experimental error 


/) Ta tile Se) sthility 


Here again we find the same extraordinary divergence in the amount 
the sensory loss In five cases the tactile threshold, measured with 
m Frey's hairs, was identical on the two hands; but, in the majority, 
ime more or less vrave deviation from the normal was discovered 
n the atfeeted sid Sometimes, the affected parts are ¢ ntirely Insensi- 
ve to the tactile hairs and even considerable pressure may not by 
ppreciated 

But frequently the loss of tactile sensibility is much less extreme 


nd is manifested simply by a raised threshold. Sometimes, the normal 


RAIN 10 
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hand responded with certainty to a hair of 21 grm./mm.’, whereas from 
70 to 100 grm./ mm.” was required on a similar part of the affected side to 
evoke a perfect series of answers. The following records illustrate this 
condition, 


Left (normal) Right (affected) 


21 grm./mm* TELEVET EET EEE 


21 grm./mm? LIOOOIOOOIOONOIOOO 


IOLOIOLO!LOIOIOIO 
HHIIOMNOMOTI 
PEUEEEETEETETET 
HIOMN«OULOINO 
IOOOIOIOILOOOIOOO 


23 grm. /mm? 
35 grm. /mm? 
70 grm. /mm? 
23 grm./mm? 
21 grm./mm? 
21 grm./mm? THTEEEED ETERS 


21 grm /mm. ; lf 

21 ; = + out lf 
23 S lt 
35 lf 
70 lf 16 
23 2 lt 
21 *-* e-* ) t) 
21 99 . 16 it f lé 


Occasionally, the consecutive contacts necessary for this test caused 


the widespread tingling to which these patients are prone. This may 


] 


make it impossible to demonstrate the threshold conclusively Inereas 


ing the strength of the stimulus will increase the number of correct 


answers, but the persistent tingling confuses the patient and he fre- 
quently replies when he has not been touched 

Another difficulty that may prevent the demonstration of a tactile 
threshold, by means of von Frey's hairs or with graduated pressure, is 
the occurrence of involuntary movements Many of these patients 
show curious irregular movements which may not always be present, 
but are liable to start again when the atfected side is stimulated 


Movements arising involuntarily may be mistaken under these con- 


ditions for touches. The longer the testing is continued the more 
accentuated these movements become, and demonstration of 
threshold is then mMposs blk 

To sum up, the tactile threshold may be normal on both sides in 
the cases with which we e dealing in this ptel t Ll he 


raised to a vreater or less extent, even 
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sensibility to measured tactile stimuli. Accessory sensations or the 
misinterpretation of involuntary movements may confuse the records, 
but the loss of threshold and the irregular response, so characteristic a 
consequence of cortical lesions, is not found as the result of destruction 
at this level of the nervous system. 


(c) Localization. 


The power of recognizing the position of a stimulated spot was 
more or less grossly affected in twelve out of twenty-four cases. This 
faculty may be so profoundly disturbed that a touch on the hand is 
referred to the same half of the face or trunk. More commonly, the 
patient complains that he has no idea where he has been touched. 
‘1 feel you touch me, but I can’t tell where it is ; the touch oozes all 
through my hand.” Although the method' we have generally used 
forces him to recognize that he has been touched somewhere on the 
hand, the patient frequently gives up all attempts to determine the 
spot, saving, ‘*T have no idea where vou touched me.” 

In cases of graver loss of sensation, tactile sensibility is not in- 
frequently much diminished, but the inability to localize the stimu- 
lated spot is equally great, even with a prick or with painful pressure, 
to which the patient Is acutely sensitive. 

When all power of localization 1s abolished and the posture of the 
limb cannot be recognized, sensations may be no longer referred to 
something outside the body; they are thought to be due to some change 
within the part rather than to an external stimulus. When the hand 
was scraped one of our patients said, “It is as if something inside the 
im SWere moved, not like anything touching me.” Sometimes the 
ensation was said to be “a cramp inside my arm.” 

Wherever localization is affected, the unpleasant sensation evoked 

painful stimuli may spread widely over affected parts. When, for 
nstance, the sole has been pressed with the algometer, the pain may 
ccupy the whole of the leg below the knee, and the patient does not 
ecognize that the instrument was applied to his foot. No matter what 
timulus may have evoked the unpleasant sensation, it will spread 
videly if the faculty of localization is de stroved. The power of recog- 

ing the position of the stimulated spot seems to exert an inhibitory 
nfluence on the distribution of this uncomfortable sensation. Appre- 
ation of the locality of the site from which the sensation has been 


‘kked tends to confine it to the neighbourhood of that spot, and around 
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(1) Heat and ( 


old 


Twenty-two out of twenty-four patients 


thalamic lesion responde d excessively to t 


hy 


and cold. In nine of these cases the thresh 


the same on the two sides, and but for th 


heat and cold appeared to be normal: the r 


identical on the two halves of the bod: 


esting, for in them may appear the remarka 


able heat we have described on p. 134 


But, not infrequently, all appreciation 


and ice and water at over 50° C. evoke no 


sensation is the same, whichever of the 


patient cannot tell the difference and 1 
the unpleasant sensation 

Occasionally, the nsensibility s less 
below 26° C. and above about 40 C. on 


affected half of the body. But this respon 


and cold: water above 40 CC. and be! 
sensation and may therefore be called 
For, if the patient knows from the expe 
thermal sensibility is under examination 
sensation is caused by “‘something ] 

such confusion between the extrem é 
wecurs when the patient is able to dist 


We have seen no reason so far to tl 


; 
nervous svstem the power of ippreciating 
lost alone The few apparent exception 

¢ ] ] ] 
the patient of the same thermal nomenclat 


t 


produced by certain temperatures towards tl 


contusion rendered possible | the absence 


} } 


Sometimes the disturbance of sensib 
severe: temperatures above As t 1) 
and those I< low ab ut 26° to 28° C.ase d 


ii 


temperature that can be appreciated is 


“hotter” or “ colder’ on the attected side, 


that the supposed greater heat or cold 
increased attective reaction 


Throughout all these cases, where th 


not absolute, a threshold could always be 
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ne on the two sides, or it might be more or less raised on that half of 
| 4 ] l , ] 4 
the body which showed an excessive response But never did we find 
" t remarkable loss of threshold and inability to discriminate between 
Lehiipn LEU Dot of which were recogni ed to be hot or to be 
ha feature With cortica it IS 
} 
/ ( pid f [ 
lt i ‘ ) i } ed, the patient } L n Sil 
‘ 
‘ ‘ i ne 1 chead tactile elsit I Hitist 
i ! | it ma I the patients wl reacted 
( I pal I l l DI rh ce were s Nsensiblive 
? 
( } ( il ntact of TV point produced no 
| 
! ! * ‘ ( 1 t e en ed 


l ! VOK ! Hitvin toucel ls tingimyg Is 
| . , 
l } ! tent ina nfuse the records great 
‘ ( er consideral number of cases still 
! ! } ‘ r recog) ne the tw nes f the 
} tur 1 houvt ich touch ¢ Kea a sensation 
\ se 
nta ) I ! LLpUASSE L distan ld usually | 
i | t ( ‘ | ! vers ¢ Lidl be bta ned, and the 
rd listance of et points from one 
nel . ic! ises ll ) ssible to obtain a 
. ; thres] 
In e s true, tactile sensibility, as measured bi 
I) ! - 1 l ra ed thores itd But I aiscri- 
ition } Ss] dit | iependent n tactile 
nsib th e\ { the ne US tem thev mav rise 
‘ fall togeth f two sharp points are substituted for the blunt 
| ends of the compasses, the difficulty in recogmizing them is just as great, 
meh ea !) produces a more profound ettect over the abnormal 
| | he wo 
hus, in conclusion, we have found that the compass-test could not 
by ppilied i es Ls wing to the gross loss of tactile 
? nsibility nfusion produced by the abnormal tingling But 
vVhnenever the mea red tactile threshold was the same on the tw halves 
{i the body tne } Ve lt adiscrininatinge two points Was unatiected ; 


und yet the two faculties are not directly dependent, for two pricks 


than the contact of two blunt 
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(f) The Appreciation of Weight. 


Throughout this research we have adopted three methods of testing 
the appreciation of weight. A weight is placed in each palm and the 
patient by moving them up and down “ weighs” them and estimates 
which is the heavier. Secondly, a weight is placed on some part of the 
fully supported hand, removed, replaced rapidly by another weight of 
the same size, and the patient chooses the heavier. Lastly, a weight 
is placed upon the hand and further weights are added or subtracted 
The patient replies whenever he recognizes that the weight has become 
heavier or lighter. 

Now it is obvious that the last two methods depend mainly upon 
an appreciation of relative pressure, whereas the first demands a 
power of estimating movement and the force employed in lifting the 
weight. 

At the level of the nervous system with which we are now engaged 
this difference comes out in a remarkable manner. In some cases the 
only discoverable loss of sensation consisted in a diminished recognition 
of posture and passive movement, and correlated with this loss was an 


inability to distinguish weights placed simultaneously on the unsup 


ported hands; and yet the patient may be able to recognize the relation 
between two weights, placed one after the other on the affected hand 
When fully supported 

Conversely, anv diminution of tactile sensibility a 
power of appreciating relative pressures, and so interferes first with tl 


estimation of weights applied consecutively, and later even with th 


ability to recognize whethe ran object resting on the palm has le Ole 
heavier or lighte) In one case the tactile threshold was slightly raised, 


but all forms of postural recognition were perfect; here estimation of 
consecutive weights and recognition of the increase or diminution of 
weight resting on the supported hand were both somewhat affected 
But appreciation of the relative heaviness of two weights placed one in 
each unsupported palm was not disturbed 

Thus, at this level of the nervous system the power of estimating 
the relation between two weights depends on the integrity of both 
tactile and postural impulses. The faculty of estimating the relative 
weight of two objects placed one in each unsupported hand demands 
w® correct appreciation of posture and movement. But appreciation of 
two weights placed consecutively on the supported hand, and the powe1 

P 


of recognizing addition to, or removal from, the weight of an object 


lying in the palm, require a normal tactile sensibility 








SENSORY DISTURBANCES FROM CEREBRAL LESIONS 143 


(y) The Appreciation of Size, Shape and Form in Three Dimensions. 


No tests for the recognition of size, shape, or form can be applied 
unless the patient is able to appreciate the contact of objects placed in 
his palm. In tive of our cases this was impossible, owing to gross loss 
of tactile sensibility, whereas, on the contrary, in six cases the lesions 
which produced an over-response to painful stimuli had in no way 
itfected the power of recognizing size, shape or form. 

between these two extremes lies a group in which all three forms of 
recognition Were more or less gravely defective. Although the defective 
recognition of size, shape and form in three dimensions, which may 
iccolmpany the over-response to painful stimuli, appears at first sight to 


semble that due to cortical lesions, more careful examination shows 


it they may differ fundamentally from one another. Ordinary clinical 


tests, employed in the usual rough manner, are incapable of demonstrat- 


e this difference But, when a series of tests are carefully carried out, 
the patient is able, in most cases, to recognize a difference in size, pro- 
vided it is sufficiently large: a true difference-threshold can be obtained. 
He does not give up all attempts to estimate the relative size of the 
est-objects, saving, as in the cuse of a cortical lesion, ‘* 1} have no idea.” 
He mav make mistakes in their relative size or may believe that the two 
bjects are equal, but retains an impression that they possess a size to 
/ colnpared Ultimately, if the difference between them is made 

tticient vreat, his answers grow increasingly more accurate 

stance, in the following set of observations (Case 5), it will 
be se that the patient could appreciate a difference in two circular 
objects. when the diamete littered by 2 cim., but not when the one 
led the other by | en She could recognize a difference 
when the diameters were 3°5 cm. and 2 em., but not when 
| nd 2°. 
. i” 
I 
] } ) 
{) l 
| 
Here it is obvious that increasing the difference improved the 
f the answers, and a true ditterence-threshold could be worked 
ipproximately, even with so small a number as twenty observations 
Unt nately, we have no 1 hod of reducing the tests for shape 
nd form in three dimensions to measure in the same way. For in- 


creasing the size of objects used for testing shape bevond certain limits 


application to the palm, and any considerable 


preve nts their unil 
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reduction makes it impossible to recognize them on the normal hana. 


Kiven the siz 
cannot be vari 


able to roll th 
In spite of 


ol 


} 
j 
t 


en 


U! 


the objects used as tests for form 


in three dimensions 


vreatly, since it is necessary that the patient should be 


1 between his fingers and palm 


ese difficulties the patient usually 


some hame to the object, provided tactile sensibilit Wa not vreatiy 
impaired, and he could move it to and fro in his hand Not wm 
commonly he said, ** 1] have an idea of the shape, but it seems nuiml 
Moreover, in the majority of instances a ce) nen ri t answers 
were given, especially to the easier tests, sucl he rele or the s)} re 
and the familiar objects commonly used in clit mination were 
frequently recognized 

Thus, in conclusion, we tind that in these « er nition 
size, shape and tor ree dimensions iy | ntact, 
less gravely att me instances, t : onitiol du 
to gross delect hn ta SCNSIDITIT But l il } | 
eases the ditt ce-threshold is raised : here s shay na 
form is not abolished the cortical cases, but a ¢ er ditterenc 
than normal is necessary before they can | ppre ted lt . ( 
Wav, the patient retains anid that tl bject \ } ind 
form, but finds difticu recov) v what it be 

J orat ) 

The loss of sensation ist be unusually gross before the vibrat 
of a tuning-fork cease to | ippreciated In thre USES was tl 
attected half of the body insensitive to this stimulus, ar f the: 
most other forms ot nsation er ravely attect 

Usually the vibrations of the tuning-fon re appre ted both 
halves of the body, but the stimulus appears t ist . te Ine on 
the abnormal sid If the tuning-fork is placed uy some point of the 
affected side and, as soon as it can no longer be appreciated, ts idly 
transferred to a corresponding part on the normal half of the body, thi 
patient will continue to recognize the vibration for a further period 


which may evel 


of the tuning-f 


ot sensation associ 


OCCULT | in tif te 


L ¢ 


ek 


OD) 


‘tend to fifteen seconds. This shi 
sone of the most characteristic 
ited Wit! Live Ver-l sponst t 

f our cases, and was ind } ndent 


feeling-ton evoked by vibi ition, of wh Ch We Nave 


At the same 


so plain” on t 


tl 


hye 


the 


me the patient complains that 


abnormal half of the body and 


fork seems to be vibrating less rapidly on the atte 


‘cted side 
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/} Roughness 


as the loss of sensation sufticiently 


‘’ mS ‘) 
ore t 


produced by Graham-Brown's 


With its graduated projection — 1s 


sunt sensation, and occasionally con- 


se even the smooth surface of the instrument 
tineln But in most cases it easy to show 

ipprechition of rou hness as measured with 
me on the two halves of the bod) 


( 
1} fio issumed by the s f sensation 
ties ‘ 

sa equently atfected as tl ippreciation of 
MiSSIVe MmoVelent he mount of this 
Lr neasurable defect to complete want 
D the limbs on the abnormal half of the 
s frequet liminished: but, excepting ina few 
t ( vas destroved, a threshold could 
sible to show that increasing the 
\ proved e proportion ol oht answers 
n vel mftused by the disagreeable tingling or 
e spot touched was defective in half the cases 
reserved to cari out accurate tests 
| e the site of mula nh Was equally creat, 
\ } rt IC1ie Ln cases Where localiza- 
ted, lisacre Die sensation, s easil evoked, 
el n the abnormal half of the bod) \ prick 
Ise an extrem painful sensation in the cheek 
the patient Mp recognized the stimulus as 
und did not refer the discomfort from which he 

| il ¢ Vl went 
in ld may show all degrees of change from 
nereas f the neutral zon Heat and cold are 
on Lol | ensation is lost, thre ther will be 
l@ apparent exceptions arise [trom Inisinterpre- 
n evoked by high or low temperatures on the 

1d \ 
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Not infrequently the compass-test cannot be carried out because of 
the gross loss of sensation and inability to recognize contact ; but when- 
ever this method can be applied a threshold can be worked out, and 
widening the distance between the points increases the accuracy of the 
answers. 

The power of estimating the relation between two weights is 
frequently disturbed on the abnormal half of the body. If the appre- 
ciation of posture and movement is affected, the patient can no longer 
recognize the identity or the difference of two weights placed in the 
unsupported hands. But so long as tactile sensibility is not diminished, 
he can still estimate the relation between weights applied one after the 
other to the same spot, and can recognize the increase or diminution 
in weight of an object already resting on the hand. 

The appreciation of relative size is often disturbed in these cases, 
but with care it is usually possible to demonstrate a difference-threshold. 
Shape and form in three dimensions are frequently not recognizable on 
the atfected hand. But, if tactile sensibility is not grossly atfected, the 
patient usually retains an idea that the object possesses a form, and may 
obtain a considerable percentage of right answers 

Vibration of the tuning-fork was recognized by all but three of ou 
patients. In almost every case, however, the length of time during 
Which it was appreciated was shorter, and sometimes the rate of vibra- 
tion was thought to be slower on the atfected half of the body 

Roughness, as tested with Graham-Brown’s wsthesiometer, was 
always recognized, except in three cases where the loss of all forms of 
sensation Was extremely sever Usually the threshold was the sam 


on the two sides, but it was occasionally raised on the affected hand 


CHAPTER III SENSORY Distt \NCES OD JESIONS ¢ 
rHE CEREBRAL CORT! 
In describing the effect of a cortical lesion upon sensibility, we shal 


proceed exactly as with lesions of other parts ol the nervous system 


Kach stimulus will be considered in order and the nature of th 
response described Thus, for instance, we shall not speak of “deep 
sensibility as preserved or lost, but shall give the exact stimuli used 
and the form of response they evoked All such expressions as 


‘cutaneous sensation ’ and “ lieht touch ” will be strictly avoided and 


we shall deal as far as possible with measured stimuli only 
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S$ 1.—Graduated Tactile Stimuli. 
(lon Fre ys Hairs and Pressure-cwsthesiometer.) 


Lesions at lower levels of the nervous system produce, on the whole, 
forms of altered sensibilitv which react with remarkable constancy to 
craduated stimuli. A touch of definite intensity, if sufficiently strong 
to evoke a sensation, will do so in a large proportion of instances ; while 
some less intense stimulus will cause no sensation of any kind. Some- 
where between these two we are justified in placing the threshold for 
tactile sensibilit, 

But the characteristic change produced by a cortical lesion consists 
essentially in a want of constancy and uniformity of response to the 
same tactile stimulus Increasing the stimulus does not necessarily 
improve the patient’s answers and in many cases no threshold can be 


btained 


On attempting t btuin a maximum threshold on the affected hand, 
meet with the same curious regularity of response that has ham- 
red all who have attempted to use evraduated stimuli in such cases ; 
patient seems to | iIntrustworthy \t one time he responds to 
ill f 21 grm.imim.*, at another even LOO) grm./mim.* produces 
no ettect Not only his answers apparently incalculable, but not 
frequently he responds when he has not been touched 
This irreeularit ha led most observers to. re ject all eraduated 
stimult and to adopt sor other form of tactile stimulation, such as 
ibbing with the fing r with cotton-wool, to which the answers are 
re unitorn But n tl rregular response to vraduated tactile 
muli lies the ke to the sensory disturbance produced by lesions 
f tl cerebra 
We have modified the method of examination in the following 
inner so as to bring out the true nature of this phenomenon \ han 


selected producing a stimulus just above the maximum threshold, to 
which the normal hand reacts with constancy when it is applied six- 


teen times in the minute lt the same hair is used In the same manne! 


to a corresponding part of the affected hand, the response is irregular 


ind wanting in uniformity Then more powerful hairs ave used, up 

to those exerting many times the pressure Still the response remains 

rregular: in fact, the answers mav be less accurate with the mor 

powerful stimulus than with the finer hairs But further stimulation 
i i slate sul 

‘ i I 1 ‘I \\ " } t les 
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materially reduce 


response to the more 


powerful hairs cannot therefore have been due to fatigue alone 

The following series illustrates the nature of this responss The 
observations began on the normal hand with sixteen t ches fron l 
hair of 2lo erm.omim., to wh ch the patient esponded prolipthy im 
every case The n the atfected hand was touched teen thhies hh the 
same hair and five of these touches were appreci { \s never han 
was chosen, and eight out of sixteen cts We pp t Step 
by step the strength of the stimulus ‘reased, | with 
LOO erm. mm Which exerts a pressure yo oT j ned s 
responses only. We then decreased the strengt s s again 
and at the end of the series we obtained Det s¢ I ! vers to the 
weakest hair than to the strongest hair previously emp! linall 
on the normal! hand all the touches with the lightest | ere | ptl 
recognized, showing that general fatigue plaved no } the pecul 
form assumed by the r sponst from the attected 
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proportion of right answers compared with those evoked immediately 
before by 100° erm./mm.* 
Such a result only permits us to say that the range between the 


minimum stimulus to which the patient responds and the maximum 


threshold extends between 21 erm.mm. and something above 100 
ori. mim. We cannot so far sav that no threshold exists to measured 


tactile stimul Unfortunately hairs above 100 grm./mm.*” are lable 


» evoke a sensation of pricking on many parts of the normal hand, 


ind it is therefore impossible to employ them without running the 


risk ol introduc al disturbing sensation of pain. 


But if a series of graduated pressures are allowed to act upon 
stout bristle, which does not bend, it is possible to produce greater 
le stimuli which evoke no sensation of pricking When this test 
is applied to the patient who yielded the record on p. 148, we 


btuined the following results 


Normal hand (R.) Affected hand (L ) 


0-2 grm OMLOIOOLOO :IOOOO 


0:3 grm OLOCOOOOINNIOOIOO 
0-4 grn OO1O: OOOHOIOOIOO 
0-5 grm ONOOILOOOOIOOO0O 
0-75 grn IOOOILOOOOOOOO I10 
1-0 grm IhLOOIOIOLOLOOOOO 
1-5 grin IOLOOTOINNOZ OOOO 
2-0 grm OlLOOOONO IOlONO1O0O 
4-0 grin HOOMOOOL: ONO! 

5-0 grim. HOOOIOOIOOIINO! 
1:0 grm O0100000 IOOOOO!O 
0:2 arn PLEUUTEPETETTET 
| et t } ‘ +} \ ht uname ,et n a nstant 

N \ 
lf 
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These observations show that, in this patient, a stronger tactile 
stimulus did not of necessity lead to a corresponding increase in the 


proportion of right answers. 


Even more striking evidence of the absence of a tactile threshold 


was obtained in Case 15 with the pressure-wsthesiometer, an instrument 


AND CLINICAL CASES 


by which measured weights may be brought to bear on a surtace 


Normal hand (R.) 
2 grm. TITETTETE Eta 
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5 grm. 
12 grm. 
32 grm 
2 arm. 
7 grm. 
12 grm. 
22 grin. 
32 grm. 
2 grim. 


2 grm. PVVEEEEEEEEEET 
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of sixteen tactil 
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series the best set of answers occurred with 32 grm., but this was 
equalled by the final series obtained with 2 grm. And yet at the 
same time the part was not insensitive to tactile stimuli, for with a 
hair which exerted a pressure of 0°36 grm. (21 grin./mm.*) nine out of 
sixteen touches were appreciated (vide Appendix II, p. 242). 

Here, then, it is impossible to say that any tactile threshold can 
be obtained in the sense usually given to the term. A part that was 


sensitive to a hair exerting a pressure of 0°36 grm. was not constantly 
sensitive to a pressure of 32 grm. 

This uncertainty of response is not the only peculiarity met with in 
examining the affected part with measured tactile stimuli. Fatigue is 
induced with unusual facility and a part that has responded in the 
characteristic manner to one of the less powerful hairs may cease 
altogether to respond to 100 grm.mm.* This is, however, an extreme 
reaction seldom, if ever, seen in uncomplicated cortical cases. 

‘aduated tactile 


Another disturbing factor in the response to gri 
simuli is the occurrence of hallucinations, or replies that are not the 
direct sequel to a stimulus. We beleve that this tendency to hallu- 
cinate is not due to any general untrustworthiness on the part of the 
patient, but is another aspect of the irregular response characteristic of 
cortical loss. On one occasion Hn. (Case 14) gave so many hallucina- 
torv answers to graduated hair-stimulation of the affected hand that 
all testing became impossible. But in spite of this ‘ untrustworthi- 
ness’ the answers obtained from the normal hand and from the soles 
of both feet were excellent, and on all these parts a perfect threshold 
could be worked out 

Many of our patients are highly intelligent; if they are asked to 
describe their sensations at the time they are hallucinating, introspection 
leads them to remarkably similar conclusions. ‘They start by saying 
that a sensation from the affected part differs from that evoked by 
the seme stimulus on the normal hand or foot The hair seems to 


relinain in contact with the skin, and after a series of touches a con- 


tinuous sensation is produced Upon this continuous sensation each 
msecutive touch may or may not produce that additional change 
recognized as a fresh contact. But at times the sensation interpreted 
is another contact may arise without actual stimulation and sometimes 


it may even recur several times 


These hallucinations are in fact the direct consequence of that 
persistence of sensation, so frequently a feature of the chanves 
1) oduced by ac rtical lesi yn) 





152 ORIGINAL ARTICLES AND CLINICAL CASES 


Frequently, however, tactile sensibility is less grossly 
a cortical lesion. The response may still b 
sensation of contact may persist ; 
portion of replies increases until, perhaps, every contact 
an answer. Under such circumstances, the affected part 1 
unusual signs of fatigue, although general attention, sh¢ 
response on the normal side, has undergone no diminutior 
p- 937 
nations may break an otherwise perfect series of replies 

Whenever a tactile threshold can be obtained, sensibility 
Is comparatively slivhtly atteected No form of sensory ; 
thresh 


IS completely lost and some approximation to 


discovered with other graduated tests, such as the comp 


The defects revealed by | 
testing with a camel's hair brush or by moving a wisp of 


backwards and forwards over the affected part If it hay 


endowed with hairs, there mav be no ditterence between the c 


the patient's answers from the two sides, but over hairless pi 
removal of the hairs the replies to cotton-wool stimulation 
less certain and more irreecular than over similar norma 
over, the patient sometimes complains that the touch of the 
is “less plain” over the affected Limb; but not infrequently 


can appreciate no difference Changes that are evident to 


eraduated hairs may be less manifest on stimulation with co 
This is due in part to the fact that movement of cotton-woo 


clad parts evokes a tickling sensation different in nature and 


the single contact of a measured tactile stimulus (vide p. 1338 


We can sum up the conclusions to which we | 
follows: 


reduce thr icecurac 


1) A cortical lesion may resp 
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is pricked whenever he appreciates that the stimulus is a sharp 
and if he is told to wait until he obtains a sensation of pain we 1 


risk of placing the threshold too high 


Usually the patient can discover no ditterence between two ] 
the same fore Lp ple 1 to similat portions n the ty sides 
but occasionally he states that the stimu ** lame 
on the normal than on the abnorma 
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he patient may be unable t 


He is puzzled by th 


by the same temperature at 
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Passive Vor ment, 


ccted part in space is the 


defect produced by lesions of the cerebral cortex 
| the alhed faculty of recognizing passive move 
scoverable abnormalities Whenever sensation 
es form f spacial recognition will b 
LI ft the power ol recognizing passive move- 
nies defectiv postural recognition, these two 
he «cd with together in this seetion 
I? / Pos 
il disense he wil rough method of testing 
iemonstrat ele Lppre ition of posture 
sed 1 tl fe d limb placed im some 
t first He is then told 1 
al l \ nee \ I his normal hand 
find I hen at last he strikes som 
na t ( i down hnad the finvel he w 
ep tion remain intact, he can 
t} } but {f local il is also 
ich t nd, he will probably be unable t 
\ enition of posture in most cases that 
ces emonst! nan unequivocal manne 
,’ ! d iseful meat f measuring th 
ted is applied the one surface of a glass plate 
‘ ired wuaLres nd with the free hand the 
eon the other surface of the plate the position 
ne | rt its of his ittempts can iy read otf 
nstead of this glass plate we have used a plece 
the centre of the one surface of this cardboard is 
Civ tipot the index-tinger, and on the othe 


normal hand the patient 


finger, which remains 


and the point upon which he ultimately 


hand is then withdrawn 
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and he is asked to make another attempt Kach record of a series « 


observations made in this wav can be measured and collated at leisure 


In every case where sensation was disturbed n ! Wal howe 
slight] is the result of a cortical | n, tl I" is W 1] } ‘ 
showed some loss of postural appre t n tl { i har | 
method therefore fort 1 delicate mie eter O Se ry 
Ot cort il origin 

ies bk Wigs OR is abeinl the Giieiny sien ) | 
hon ntal at tl lit leve | tte) \ 

Within 7 em { the the Cd ince Whe e } te \ } 
sSacitt | plane tW ttelny 1 finial thre L¢ thre ‘ } { 
within 4 ! I Pos | | \ | ~ 

re pUlre | » cover Tire rel ! elo] } 

Phe ley L10 ered | H le ! t | | 
piividesla. ato so considerable that i aes eR 
standard in each patient with whicl com) 

} ’ " ; 
iron the iflected ] ~ ! | he ok cre that} t t 
produce so much paralysis that the affected hand not | 
out the position of the normal foretinge: But, in spite of 
and defective sense of pe sture, th ‘ ds obtained when 
hand sought the normal toretines were unl 1 etter 1 it) Whe t 
patient attempted to point to the atfected forefinger with his 
hand. That is to say, defective appreciation of the ] tion of 
Lo be soucht for has a more disturbn Y effect upol the ‘ fds thir 


weakness and loss of postural sense in the indicating hand 

This is particularly well shown by the records fron patie 
whom the left hand was ravely paretic, and the sense of posture 
defective: and vet all ten attempts with this hand to find the norn 
forefinger fell within 3 em. of its position, and tive lay with 
distance of 1 cm But when he atte mipted lo point 1 bie atllected 
index with the normal hand he came once only within a distance of 
l em. and three attempts lay outside a radius of 3 en Thus the 
normal hand seeking the attected foretinger made a worse record than | 
the abnormal hand attempting to tind the normal index, whose position 
was known 


All these tests depend on knowledge of the position in space of thi 


The most important | il impulses for the act of poi hose from t ildet 
joint and, in these limited lesion f the cortex, the sl de . flected than t 
distal segmen f tl ipper xtremiut Thus, ever 1 rave } ilvsed limb 7 fter | 
guided more correct] the desired direction than tl rn imb att pting to point toa j 


spot « 








ite, as 


‘ cl | ible wit his normal limb, the } ture of the attected 


His eves are closed and, whilst his attention is diverted by con- 
Ine part such as 1 it finver 1s ved into the desired 
\fte ked to place ] normal index in the 
, , { { thr 1) ‘ ind | means we 
| ! elment ! t recent writers that 
ives } eal n isually found in the 
’ (| 10 Petre Bergmark | 1 
. Pu V 
posture s aly ’ ted with 
pope ! } el vVelment n ! Ciase so vreal 
e) ] no! komt cannot be re nized 
I] , } he pprer I nis absolute 
} | t ner S rie vith Pet nand his ftellow- 
9 med Which enn b pre ited by the 
, , Te measurement alone can demonstrate 
r ft t } ected 
\l. ' ( With the materials for determining 
relat ( ‘ = i} t! Lpprer ition OF passive mWMmovelment Is 
sturl { , Bin val . nt {f the affected limb, ind in cases where 
lit . es patient Is changing, they mav form a iseful record 
‘ prog 9 lisease 
But when w ttempt t ie we the extent of the smallest appre- 
ible movement, ty different phases of recognition must be distin- 
shed. The patient n iv at once when he thinks a movement has 
ured: this gives the ime ive of the least perceptible movement. Or 


he uv wait until he is able to indicate its direction \s a rule in the 
l ial limb. most | tients wa itil thev can recorn ze the direction ol 
the movement before they say that the joint has been moved but the 


ference between the point at which the movement Is appreciated and 


that at which its direction is recog ed is normally small 
In the abnor i] limb. however, this distances s oreatly exact rated 


und movements may be perceived long before their direction can be 
rer rized. It is, therefore, Important to record both the extent of the 


stnallest hovelnent } reeived and the rahve necessary to evoke recogonl- 


\ll these points are well shown in the records from a case where 























the lesion produced s 


recognizing passive movements mueht have been said t }) inattected, 
had it not been for the measurements. On the normal side the patient 
waited until he could recognize the dire noot the \ | { 
When the little finger was tlexed or extended was invarial rrect tl 
movements within 5 On the al rl side hi é ert { 
the direct f the moveme ntil had « eded 10 Io 
he frequently app ited the curr moves {f 5 
All cortical I his prod Hane sit s 

the powet Fo appre PuSSTVe ) ! 

their direction In eve t] \ { ! 


Dib is chanved i u ! 
lw itfected Din 1) Ce! pyar t } , 
veut { the mb. a fy 0 ( , 
nets? ad most ‘ rst ble it 
cor Ll lesiol 
In all St he Wis great ‘ 
thi t es i ’ 
sense of postu I] ! f 
previous observel 
Wi ! ble 1h] I eu Sha } } 
we have been struck t tendes nstar 
testine the attected | ()) ee} ) , , . 
renal it constant al ( Les bt l } 
degre hus when t no elbow 5 i | 
case all th nswers la | yee! ) Bes | { 
it tn iffected elbDON\ il rane I n 10 )) 
Another striking phenomenon in t e 4 : , 
hallucinations of movement ven though 1% limnab ve ns at re 
the patient may describe sensations of movement wl — 
as clear as those evoked by om manipulations 
In conclusion, we find, like most of our pred sors. t] 
(1) Cortical lesions most frequently disturb the recognition }) 


and of passive movements. Whenever sensation is in any way attected 
In consequence of a cortical lesion these two functions suttfer 

(2) In all our cases the disturbance in the faculty of recognizi 
posture and passive movements was greater towards the peripheral parts 


of the atteeted limb 








lesion of peripheral nerves this met 1 would b 
touches stimulate the ifferent mechat 1 I \ 
tactile impulses evoked from the skin and tl v" 
the deep autlerent tet have | ted ow nete 
before th reach the pt thalamu \\ ! 
usIN nv form of tactile thnulu t 


Phe powe f recognizine the 

parativel St ni affected as a < eq ! } 
1] { V1 

provided Lil ye MIS Ol <H l ‘i 
operations on the brai re fol] d mporal 
rosslv in excess of anything found 

The el Vt na { ae | ; ] t t 
}) Wel li } it n ntact ) } 
Mnorant the } tion thre | hit 
these cond ns, that evel irt t tt 
In succes Viti . 2 a le tl } } ) : 


Some observe Horsk ind Russel | 37 
localization is disturbed by lesion the co 
indicated spot lies In some constant relation 
stunulated. Our failure to discover any uniforn 
localization in one direction is: probabl lue t 
adopted, and particularly to the avoidance of groy 
composite nature of the vropine method is well 
produced by moving the hand: movemet 
Is unconscious may cause a fundamental change 


towards which he tends to localize, if he is a 

spot touched. Thus proximal can be converted i 
by drawing the hand nearer the body, and a prep 
to localize in a postaxial direction can be con 
axial direction by turning over the hand. Suppose 


the dorsum, the majority of th points indicated 


1if t € power of loca ition tested in t Ly. the pat 
his finger on a point proximal to the stimulated t But this 
f the position of the limb in space and to the consequent tend 
seem closer to the trunk than is in reality the case Phe um 


many cases of phantom limbs f 
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reverse the hand and the larger numbet 


le "hese apparently icons juent results 
1} eropimne test ind dl sippeal ent rely 
Lt nh res ais WI h can be studied 
f observations permanent! corded is 
1 er ! i! a tio ! due to 
" j ? 
I} | " il ! Ss delLective 
not localized in mne false 
1 nd uncertal it MOUNTING 
} I j mn 
Wi hn I Cll hia 1h COTS 
s on five vears ago (Case 15 
' tly loca i, but on thy 
stimuli s were correctly 
, nal ¢ qistiztl to the 


d f the situat he touch 
( ned [roi man mn 
ee removed fi lt! left hemu- 
hityv-s tactile stimu 
t due t Incertainty in tactile appre 
ed | cortical lesion for it Is ¢ jually 
that the patient is asked to localize is a 
r in doubt The following observations 
i ropatients with defective alization 
eri I rie 
I I) s ) 
) i) i) ‘) 
) { > {) 


concomitant of the defective 


ta hecessal 


» conmmonly produced by cortical lesions. — In 








was gravely affected localization was demonstrated to be pertect b 


every method except that of groping for the stimulated spot 
Fou nstance, in the case where a simall portion of the cortex wa 
removed in 1908 the appreciation of sition and passive movement wa 
eravely attected (Case 1-4). jut from observations imiade baie 
; 
occasions during the last) three ears Wwe were Die t find an 
difference between the power of lizat n the two hands, provide 


th roping method was avoided He vw equal rr hethe 


used the original or the modified Henri n | Hl r" | ( 
the lattes tseemed to hit rand | \ more quick 
certa 

\] reovel ! Thies ~ Wi! ( } ! Oreay 
defective but loc O inving ft } ( 
passively does t diminish t } | 
lait ndicated, pro l t le | 
of readings are ta hn isuul | 1 
st ren s screcned | } c | } U I I | 
reading ( lt curate t ! ! Wi } 
state definitely that the power ofr t 
can | ‘y} ( er Col } | 
listurbine the aecurar f | { 


metho S « cep oO} pine ‘ tte t ad t , 
the power of ippreciating | nk Inf } : 
n Which localization wv turbed hout 
postural recognition 
The eonclusions to which we have arrived in t s 
be summed up as follows 
L) The power ol localizing the stimulated spot not infrequet 
preserved, although sensation may be otherwise disturbed Lt col 
sequence of cortical lesions 
2) This faculty is independent of the power of recognizing 


position of the attected limb: ipprecta ) Lf posture mia be lost 
although localization is not in anv way diminished 

(3) If the power ol localization is lost, the patient will be unable t 
recognize not only the position of a spot touched but also the positic 
of a prick, 

(4) When localization is defective in consequence of cerebral lesions 
the patient does not habitually localize in any particular direction 


but ceases to be certain where he has been touched or pricked 
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observer, and goodwill in the 


test Is mmore§ Satisfactory: for. the 
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in weight is disturbed, the errors, 
hand, are enormous 
There are several ways of cond 
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scriped 


level, the appreciation of difference 


faculties 
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movement and postu 

( roical le ns 1S | dinin 
three tests, an if ser nis , 


weight may b lost \lthough t 


contact of the weights that are place 


although the patient believes that 


He says “it is still there, but 1t does 

Conversely, the following cond 
weight is placed in each hand and all 
to time the 


weights. He will almost certain 

is heavier; but gradually he begins 
the abnormal hand, and the sensation 
be mistaken for the re-application of 
“You have put the weight on agai 
In conclusion, we have 


(1) The 


the same size and sh ipe Is read 


power of estimat 





\ 


numerical relationship, and when the 


unable to recoenize their retation to o 
hye applied. 

Occasionally, the sensation of sor 
persists for many seconds alte the 


Cannot estimate ts weight in relation 


patient Is asked » eStIn 


ND 


patient. 


( 


\\ hen cure fully Ca 


LINK 


\L 


( 


results can 
, s | 
faculty o it 
1 
mipared with 
ne this te 
207 Bu 
welg ley 
mm thetu 
' 
1 
1) 
Ihe 
nt } I 
] 
pa I 
| Loon f 
he ahnoclhe ! 
( a 
. 
met] he 
) rb 
se ; 

?) 1) t 
ved t ©] 
ite 
t t hye Y) 
}1 ed 
he wel t 

, 
relative welg 
at corti 


ASES 





























st 











SENSORY DISTURBANCES FROM CEREBRAL LESIONS LOY 


2) Though the patient may retain sensations of contact when the 
ight is placed in his hand, all power of recognizing the relative 
iviness of the object has disappeared. 

4) This faculty is equally disturbed in most cases whether the 


ghts are placed on the supported or unsupported hand. 


yy [ppre (tion Of Ntlze, Shape and Form in Three Dimensions 

To recognize size, Shape and form demands that the relation between 
percepts should be correctly appreciated. In the case of the tests 
size, We frankl sk our patients fo the difference between two 


ects of the same sh pe When testing for shape and form, a relation 


] ] ] l l 


Iwavs tnpled between the test-object and somethin: 


Which the 


tie! has | need belore 
most causes, When sensation is atfected, appreciation of size, shape 
1 form in three dimensions lost; the patient usually complains that 
‘not the least idea of the shape or relative size of the test- 
ljects Although he insists that he * can feel them quite well,” they 
no indication that they possess size, shape, or form. One of our 
ents recog! d that the cone had a point because in his manipula- 
he pressed. it nto his ha | but he had ho dea that I possessed 

shane 


This total bolition of thi Wer to recognize size, shape and form 
| 


ikes the defect pee tliarly easy to discover even by the crudest tests 
Thus it is universally acknowledged that cortical lesions tend to destroy 
power of recognizing common objects, such as a knife, scissors, o1 
n placed in the hand, and our more accurately graded tests simply 
et Nn this gene sensus Of opinion 
Vhis defective recognition Ss not in any wav due to the paralysis 
luced by the cortical destruction ; for, in two cases where the 
vemment of the hand was gravely attected, size, shap and form were 


fectly recognized. When test-object 1s placed in the patient's 
idvantau f he can roll it between his fingers ; but where 
facult f recognizing these tests is maintained, even objects in 
ee dimensions will be named correctly if the patient’s fingers are 
sed over them passivel) 
The correct appreciation of size, shape and form does not depend 
inv great extent on the recognition of posture ; for it was perfectly 
etained in two cases, although postural recognition and the appreciation 


f passive movement were gravely affected 
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But in every case where the sense of posture was affected and we 
were unable at the same time to obtain a tactile threshold, all recogni- 
tion of size, shape and form in three dimensions was abolished. Not 
that such recognition depends directly upon the state of tactile sensibility 
The combined affection of the sense of posture and loss of the tactile 
threshold indicate simply that the defect produced by the lesion 


has reached a sufficient grade to destroy the power of recognizing 
identity and difference. The appreciation of size, shape and form, 
therefore, suffers like all tests which imply a_ relation 
S Y, Roughness and Tercture 
The power of appreciating roughness can be compared on the 


two halves of the body by means of the Graham-Brown wsthesio- 
meter. In this instrument one or more cylinders are projected to 
measurable extent from a smooth metal surface; and the patient savs 
whether the instrument is smooth or rough when it is moved across 
some part, such as the hand. 

In no case of quiescent cortical lesion was there any appreciabk 
difference between the affected and normal parts. Not only could the 
patient experience no difference, but the extent to which the cylinde 
must be protruded to evoke a sensation of roughness was the same for 
the two sides. This stimulus is one which can be appreciated, not- 
withstanding grave loss of sensibility produced by a cortical lesion. 

But, in spite of this power to recognize the roughness or smoothness 
of the surface of the wsthesiometer, all appreciation of texture mav be 
lost. This test demands not only the immediate recognition that the 
object is rough or smooth, but the relation of that sensation to othe) 
percepts. Thus, although he may know that one surface is rough and 
another is smooth, he mav be unable to name the substance by its 
texture. Cotton, silk and stamped velvet are all one to the affected 
hand, although readily distinguished on the normal side. When one 
this test has been applied the patients often complain that they hav 
lost all idea of texture, saving, *‘I can feel it, but I have not the least 
idea what it is.”’ 

These two tests, both depending on the same sensory impulses, 
clearly illustrate the nature of the loss of sensibility produced by cortical 
lesions. The one depends upon the immediate appreciation of a smooth 
or rough stimulus. The other demands the correct relation of on: 


group of percepts to another. The first is therefore maintained, whilst 
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the second is destroyed by any cortical lesion which produces a 


measurable disturbance of sensibility. 


S 10.—Vibhration. 


At lower levels of the nervous system, a lesion frequently destroys 
ul power of appreciating the vibrations of a tuning-fork. But we 
believe this never occurs from a stationary cortical lesion 

Usually the patient can discover no difference in the sensations 
produced by the fork on the two halves of his body. Occasionally, how- 
ever, he says it seems “ plainer,” or “ stronger,” on the normal than on 
the affected limb. If this is the case the vibration will be appreciated 
for a shorter period over the affected parts. The fork is set in motion 
ind the patient is asked to say when he can no longer appreciate the 
vibration. It is then rapidly transferred to a similar spot on the normal 
imb and vibration may still be recognized for as much as twenty seconds 
onger. If this defect were greatly increased it is obvious that the 
power of recognizing vibration would be abolished; but this never 
curs from a pure cortical lesion. The vibration of a tuning-fork seems 
to contain some sensory element which insures that it is appreciated, 
even though the cortex is gravely affected. But the cortical lesion 
diminishes the ** plainness ” of the sensation and shortens its duration. 

In some cases, the vibration of the tuning-fork not only seems 
* plainer,” but is said to beat “ faster” on the normal than on the 
iffected limb. As this depends entirely on introspection a few patients 
only have noticed it, and we have avoided questions which might suggest 


i difference in apparent rapidity on the two sides. 


CHAPTER IV. ANALYSIS OF THE Loss OF SENSATION PRODUCED BY 
LESIONS OF THE Optic THALAMUS AND NEIGHBOURING Parts. 


In a previous chapter we have described the various forms of 
sensation which may be disturbed by lesions of the optic thalamus 
and its neighbourhood. ‘Test by test we followed the loss of sensa- 
tion, and showed that it varied in different cases within extreme 
limits. We shall now attempt to discover by analysis of these disturb- 
ances of sensation whether the impulses which pass away from the optic 
thalamus differ in their grouping from those which enter this organ 


from the mid-brain. 
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Since the optic thalamus is the terminal station for all secondary 


sensory paths, a lesion situated within its limits might destroy the 


receptive structures in which their impulses end; in such a case the 


st nsation would Corre spond to that produced by an equivalent ; 


loes 
{f the tracts of the mid-brain by which thes impulses are 


lesion of 


conducted to the Optic thalamus 
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which terminate in the lateral nucleus 


On the other hand, the lesion might leave this receptive mechanism 
intact but interfere with the paths that are streaming away to thi { 


cortex In this case the sensory defect would reveal what elements of 





————  ——— 





SENSORY DISTURBANCES FROM CEREBRAL LESIONS 173 


sensation pass to the cortex after they have been regrouped in the 
thalamus. 

In so complex a structure as the thalamus, containing a multitude of 
incoming and outgoing paths, no lesion could completely destroy one 
set of impulses onl) But, although most cases show evidence of a 
diffuse disturbance of sensory functions, some point more to partial 


interference with the receptive mechanism, and some to destruction of 


the paths which run from the thalamus to the cortex We shall analyse 
these two groups separately in ord to discover, if possible, the nature 
of the rearrangement which takes place in the thalamus, and to deter- 
mine the grouping of the sensory impulses which pass away from this 
junction to the cortex 
As our object in this paper is to study the nature of the loss of 
nsation, and not to erect clinical categories for diagnostic p poses, We 
hall not deal wit those cases where tL Wicte spread lesion of thi Optic 


thalamus abolishes all sensation on one half of the body, and consequently 


no over-response to affective stimul s possibl 
. 3 Disturbance of the Atierent Receptive Mechanism in the 
(pt Thalamus 


In certain eases, Which show the over-reaction to afferent stimuli 
ind other signs indicative of a lesion of the optic thalamus, the loss of 
sensation is extrelne lv gross Not my S St nsibility for touch and 
temperature abolished, but even the threshold for painful stimuli may 
be raised Pain, once appreciated, produces more discomfort on the 


itftected half of the | dy - but in order that this appreciat on may occur, 


the stimulus must be mo ntense than on the normal side. The 
strength of a prick, and the amount of pressure required to produc pain, 
ire greate ver the affected parts, although as soon as pain is produced 


] 


the react on Is excessive This loss of sensibility is probably due to 
interference with painful tmpulses either in the receptive portion of thy 
yptic thalamus, or as they still run in the secondary sensory paths 
which end in this junction. 


This conclusion is supported by the extreme loss of other forms ol 
sensation which is found in cases where the pain-threshold is distinetly 
raised Moreover, instances have b n recorded in the literature Where 
the loss of sensation was of the grossest kind and, although no atte mpt 
was made to determine the threshold for various forms of painful 


stimuli, we have little doubt, from their likeness to cases under our 
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observation, that the threshold must have been raised. This was the 
condition in a case described by Roussy, where autopsy revealed a lesion 
in the neighbourhood of the termination of the fillet. 

In one of the cases (Case 6) we have cited in Chapter II sensibility 
to prick was gravely diminished, and the algometer readings were 
uniformly higher on the affected half of the body in spite of the profound 
over-reaction to both stimuli. The patient was entirely insensitive to 
the thermal element of heat and cold, and showed no discomfort until ice, 
or water at 60° C., was used; then, however, the response was excessivé 
on the atfected half of the body. Even sensibility to the tactile elements 
of pressure was gravely affected. 

Autopsy showed that the caudal portion of the lateral nucleus of the 
optic thalamus close to the ending of the fillet was the seat of a lesion 
of vascular origin. In this case a few impulses evoked by stimuli of 
high intensity could pass the receptive junction of the optic thalamus 
and excite sensations of pain and discomfort. Had the lesion caused 
a slightly graver interference with these impulses the loss of sensation 
would have been absolute, and the characteristic over-response 
affective stimuli could not have made its appearance Rouss\ 36 
Case 2) has observed an instance of this condition where the patient 
Was insensitive to all stimul, and the upper end of the fillet within the 
optic thalamus was found to be involved in the lesion In such cases 
the forms assumed by the loss of sensation resemble those produced by 
a mid-brain lesion; the threshold for touch, for pain, for heat and for 
cold are much raised, and sensibility to one or more of these stimul 
may be abolished entirely. 

We believe that in all cases which present the “syndrom 
thalamique,” accompanied by loss of sensation so gross that the threshold 
is raised to atfective stimuli, the receptive mechanism is affected; this 
seems to be situated mainly in the caudal portion of the lateral nucleus 


of the optic thalamus 


N 2. Disturbance of Se NSOVY Impulses as they Pass from the Opt 
Thalamus to the Cortes. 


in certain cases which show characteristic signs of a lesion of the 
optic thalamus, the threshold to prick is identical on the two halves of 
the body and the readings of the pressure-algometer may be actually 
lower on the atfected side. The loss of appreciation of posture and 
passive movement may be severe, and the power of comparing two 


weights may be diminished, but the remaining forms of sensibility are 
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ess grossly affected than in that group of cases we have just considered 
n $ 1 of this chapter. 
Here we believe that the receptive mechanism is not affected to an\ 
aterial extent. The complete retention of painful sensibility shows 
it the impulses upon which it is based have been allowed to exert 


ir full influence on the central organ where they are transformed 


nto sensation. Moreover, the sensory elements are dissociated in ways 
which are unknown, until this level is reached; both the nature of the 
ss of sensation and the character of the sensibility which remains 
show that the afferent impulses must have been interrupted after they 
ive undergone a fresh regrouping at the thalamic junction. An 
inalysis of these forms of dissociated sensation will therefore show the 
uuping of the impulses which pass away from the optic thalamus ‘to 
pon the sensory cortex 
The tirst remarkable fact revealed by a study of these cases is that, 
whenever a stimulus can be appreciated, a threshold can be obtained. 
The tactile threshold may be raised, but increasing the strength of the 
measured stimulus improves the accuracy of the answers. In the same 
way it may be necessary to employ a colder or a warmer tube to evoke 
a thermal sensation, but, as a rule, a threshold can be obtained without 
difficulty. Sensibility to any one stimulus tends to be diminished rather 
than to be abolished completely. 
When we turn to the forms assumed by the loss of sensation we find 
that in every case the recognition of posture and passive movement was 


more or less gravely disturbed. Sometimes the loss was so slight that 


it could be discovered by measurement only; but in every case a 
difference was demonstrable between the two sides. Whenever this 
loss of appreciation of posture and passive movement exceeded a scarcely 
perceptible amount, it was accompanied by a diminished power of 
estimating the difference in weights placed on the unsupported hands. 

Tactile sensibility was frequently diminished in these cases, but was 
never abolished completely. Stronger hairs might be necessary to 
evoke an answer, but ultimately a threshold could usually be obtained, 
and increasing the stimulus led to an increase in the accuracy of the 
responses 

Any material raising of the tactile threshold was accompanied by 
inability to appreciate the relation of weights placed on the fully 
supported hand one after the other. Moreover, the patient could no 
longer recognize with certainty increase or decrease of a weight resting 


on the atfected hand. 
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Not uncommonly, the simultaneous compass-test was also affected 
and a threshold could not be obtained until the points had been 
separated to many times the distance necessary on the normal side 
Wherever this test was defective, the power of recognizing size and 
shape was diminished, showing the probable association at this level 
of the nervous system of the impulses upon which these various functions 
depend. 

Localization was less often disturbed in the cases at present unde) 
consideration ; but occasionally the patient had lost the power of 
indicating correctly the position of the stimulated spot Wheneve) 
localization was disturbed, the power of recognizing two compass-points 
applied consecutively was also affected. 


Thermal sensibility was frequently intact in this group of cases 


The impulses underlying heat and cold seem to run together in a distinct 
path, which not uncommonly escapes when the sensory loss is of thi 
type at present under consideration But if thermal sensibility is dis- 


turbed, heat and cold are affected together, after passing the thalam 
junction. 

Vibration of a tuning-fork could always be appreciated, but in thi 
majority of cases in this group its duration appeared to be shortened 
the vibration of the fork seemed to have ceased on the affected half of 
the body, it could still be appreciated for from. five to twenty seconds 
longer on a similar normal part 

Thus it would seem that sensory impulses travel from the opt 
thalamus to the cortex in five groups. 

(1) Those concerned with the recognition of posture and passive 
movement. If these impulses are affected the power of discriminating 


weights on the unsupported hand may also be diminished 


(2) Certain tactile elements: integrity of this group is necessary for 
the discrimination of weights placed on the fully supported hand 

(3) Those impulses which underlie the appreciation of two points 
applied simultaneously (the compass-test) ; on this er up ilso de pe ds 
the recognition of size and shape. 

(4) Those which underlie the power of localizing the situation 
a stimulated spot. Recognition of the double nature of two points 
applied consecutively also depends on this group of impulses 

(5) All thermal impulses are grouped together to underlie a scale of 
sensations with heat at the one end and cold at the other. At the level 
with which we are now dealing these impulses have already excited 


the affective centre and are passing away to the cortex 
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CHAPTER V.—THEORETICAL CONCLUSIONS. 


So far we have described in detail the effeets which ma follow 
lesions situated in different parts of the brain. In the present chapter 
we shall attempt, by analysis of these results, to present a coherent 
wecount of the mechanism of sensation. 

We believe there are two masses of ere y matter, or sensory centres, 
n which afferent impulses end to evoke that psychical state called a 
ensation. One of these is situated in the optic thalamus, whilst the 
other consists of a considerable area of the cerebral cortex 

Phe anatomical structure known as the optic thalamus is an 
extremely complex portion of the brain, and contains not only the 
terminal centre for certain aspects of sensation, but plays a threefold 
part in the fate of sensory lapulses 

1) Firstly, it contains the termination of all secondary paths; here 
sensory lmpulses are grouped afresh and redistributed in two directions, 
on the one hand to the cortex cerebri, and on the other to the grey 
matter of the optic thalamus itself (eide Chapter LV). 

(2) Secondly, it contains a mass of grey matter, the essential organ 
{f the thalamus, which forms the centre for certain fundamental 
elements of sensation It is complementary to the sensory cortex and 
exercises different functions in the production of sensation. 

3) Lastly, the lateral part of the optic thalamus is the organ 


through which the cortex can in 


luence the essential thalamic centre, 
controlling and checking its activit The excessive response to 
affective stimuli, so prominent a feature of lesions in this situation, 
s not due to irritation but to removal of cortical contrel 
Next, we shall consider the nature of the activity of the sensory 
cortex. We shall show that it is concerned more particularly with dis- 
crimination and with the relation between two sensations, or between 
sensation and its representation It is essentially the organ by which 
ittention can be concentrated on any part of the body. 
Finally, we shall deal with the interaction of the cerebral cortex and 


the centre in the optic thalamus during the production of sensation. 


N a The Essential letir fy of thre Thalamic Centie 


The most remarkable feature in that group olf thalamic cases with 
which we have dealt in this work is not loss of sensation, but an 
excessive response to affective stimul This positive effect, an actual 


overloading of sensation with feeling tone, was present in all our 
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twenty-four cases of this class; and, though emphasis has not been laid 
upon it as a characteristic feature, it has been observed by others in cases 
Where the existence of a lesion in the lateral zone of the optic thalamus 
was confirmed by autopsy (Roussy | 35, 36), Edinger [8 )). 

This excessive response may be accompanied by much or by littl 
loss of sensation, but the extent of this loss bears no relation to the 
amount of the over-reaction to paintul stimuli. It is only necessary 
that sufficient sensory impulses, capable of exciting discomfort, should 
still be able to reach consciousness. If this is possible, the affected halt 
of the body will respond more profoundly than normal parts to all painful 
stimuli, in spite of the gross loss of sensation. (Cf. Case 10, p. 222.) 

But the characteristic thalamic response does not consist in at 
excessive reaction to painful stimuli only. In suitable cases we have 
shown that the response to pleasurable stimuli, such as warmth, ts 
also greater on the affected side. Moreover, the manifestations of 
veneral mental states of pleasure and of discomfort may be mor 
pronounced on the abnormal half of the body 

The pains and uncomfortable parsthesiz which occur in these cases 
have been explained by some observers as due to irritation. The lesion 
is supposed to irritate some part of the sensory path in the region of 
the optic thalamus and thus to produce pains and “ hyperalgesia.’ 
But this conventional hypothesis is insufficient to explain the observed 
facts in the clinical course of these cases. In the large majority ol 
instances the lesion has proved to be a hemorrhage or a softening 
Now all vascular lesions of the nervous system notoriously tend to 
produce the greatest disturbance of function at the time when they 
occur; the subsequent progress of the case always shows a certain 
amount of recovery. But in this group of thalamic cases the pains 
and over-reaction come on, as a rule, during the stage of recovery of 
function, frequently at a considerable period after the “stroke”’ has 
occurred, and they usually last unaltered for years. 

Moreover, we have pointed out that the response to pleasurable 
stimuli is also increased in some of these cases, a condition incompatible 
with the constant existence of an irritative lesion which evokes pain. 

Further, we have not found this peculiar over-response from fesions 


of other parts of the sensory path, and the extreme rarity of such cases 


' Spontaneous pains associated with over-sensitiveness to prick or « ther stimuli have been 
described as a consequence of lesions of the central nervous system at other parts of the sensor 
path, but few of the cases will stand criticism. For example, in the case published b 


Ravmond and Rose [32! asa lesion of the pons varolii the authors themselves admit the possi 


bility of multiple lesions, and the presence of choreic and athetoid movements points in al 
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n the literature compared with the overwhelming frequency of this 
ver-response with the lesions of the optic thalamus, compels us to 
idopt some other explanation for its occurrence at this level of the 
ervous system. 

It is obvious, therefore, that the attempt to explain this condition 

a hypothetical irritation fails entirely, and we must consider whether 
the clue is not to be discovered in the removal of some control normally 

erted by one sensory centre upon another.’ 

luet us turn for a moment to the motor side of the nervous system, 
vhere the effects produced by removal of control are more fully 

nderstood. It is well known that a lesion of the motor region of the 
erebral cortex, or of the tracts which run from it to the spinal cord, 
produces not only loss of voluntary movement, but also a positive effect 
nthe increased tone and rigidity of the affected limbs. This increase 
f tone, as Hughlings Jackson | 15} pointed out in the Croonian Lectures 
urly thirty vears ago, is not the direct effect of the destructive lesion, 
but is produced by the activity of subcortical centres released from 
mtrol. He laid down the law that no destructive lesion can produce 
positive effect directly. The activity of the cortex cerebri normally 
nhibits and controls subcortical motor centres and the destructive 
sion sets these centres free to display their powers unchecked. Loss 
f voluntary power is consequently associated with tonic over-action and 
n increased reflex discharge in response to afferent impulses. 

We believe that an exactly similar condition is revealed on the 
ensor\ side of the nervous system by cases of thalamic disease accom- 
panied by an excessive response to peripheral stimuli. We know that 
paths run, not only from the optic thalamus to the cortex, but from the 
wrtex to the thalamus, and thev have been shown () 25 t 38 |) to 
terminate in its jiateral zone, the verv region affected in cases that have 

hibited the “syndrome thalamique.” But, since these paths come from 
| parts of the cortex to impinge upon the optic thalamus the functions 


they exercise cannot be removed by partial destruction of the cerebral 


bability to affection of the optic thalamus. Raymond and Frangais [31] recorded a pontine 

n which pains and ** hyperwsthesia ’’ to prick were present, but the position of the lesion 

s not determined by itopsy In Mann's case [22) there was merely persistent unilateral 

n, and Mann himself recognized that this was accompanied by ‘‘ hypesthesia’’ and not 
y * hyperesthesia,’’ as in Edinger’s case of thalamic disease, with which he contrasted it. 


The condition known as protopathic sensibility, arising from lesions of peripheral nerves, 
also characterized by an over-response to painful and to thermal cutaneous stimuli This 
ver-response is due to the uncontrolled action, on normal sensory centres, of impulses 
ipable of exciting sensations heavily charged with feeling-tone (Rivers and Head [33)). But 


full discussion of the relation between protopathie sensibility and the condition produced by 
thalamic lesions must be reserved for a subsequent communication. 
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t 


hemispheres ; cortical lesions produce no thalamic over-response 1 
affective stimuli. The only certain method of releasing the opt 
thalamus from the influence exerted by the cortex is to destroy th 
lateral nucleus in which the majority of these cortico-thalamic pat) 
seem toend. It is probable that a subcortical lesion so situated that 
destroyed all these paths just before they entered the thalamus mig] 
produce the “syndrome thalamique,” although the substance of this orga 
remained intact; but such lesions must be rare compared with thos 
Which produce this effect by destruction of part ol the thalamus itselt 
The only function which can be ascribed to these cortico-thalam 
paths is that through them the cortex controls, in some way, the activit 
of the thalamus. If this view is correct, lesions which interrupt thes 


paths, but leave intact the main substance of the optic thalamus, mu 


hysat rod 


lead to a permanent over-activity of functions exercised by that org 
Any afferent impulses, which are capable of exciting this part of tl 
brain, will act on an uncontrolled centre and must, consequently, evok 
an excessive ettect. 

All stimuli which produce an excessive effect, when the thalamu 
is freed from cortical control, contain elements which can excite tl 
essential centre of this organ Analysis of the over-response in thes 
thalamic cases will, therefore, reveal what sensory qualitic 
to the activity of the optic thalamus. Now we have shown t] 
nearer a sensation approaches pure discomfort, the more certainly w 
the response be exaggerated on the affected half of the body 
pleasure and stimuli, such as warmth, capable of exciting pleasurabk 
sensations, may also evoke excessive manifestati 
side. Sinee, therefore, atfective states can be increased when 
thalamus is freed from cortical control, we may conclude tha 
activity of the essential thalamic centre is mainly occupied with the 
affective side of sensation 

This econelusion is strengthened by the fact that stationary cort 


lesions, however extensive, which cause no convulsions or othe on 
irritation and shock, produce no effect on sensibility to pain Destru 
tion of the cortex alone does not disturb the threshold for thi pai ful on 
uncomfortable aspects of sensation. 

Some stimuli, not usually included amongst those which evoke 
pleasure and discomfort, may produce an exaggerated response when the 
erey matter of the optic thalamus is free to react unimpeded Thus, 
cotton-wool moving over a hair-clad part may produce a “stronger” sensa 
Roughness is another stimulus 


tion on the abnormal half of the body. 
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ch appeals to the essential thalamic centre and not uncommonly 
uces an exaggerated response over affected parts. The vibration 
tuning-fork, applied to the surface of the body, also contains an 
ement which may produce an excessive effect and, in most cases, 
ugh the length of time during which the vibrations are appreciated 
materially shortened, the patient asserts that the sensation is 
stronger” on the abnormal side. 
But all these stimuli evoke sensations more or less allied to tickling 
scraping, and it Is not surprising that the affective element should 
overated We believe, however, that an appeal can be made to 
essential thalamic centre by stimuli which produce changes of 
ternal state other than those of pleasure and discomfort A cortical 
nm never abolishes sensibility to contact: the response may be inter- 
tent, irregular, and grossly defective, but is never completely absent 


\ weight resting on the hand may not be recognized, but at the 


nt it is placed on the skin and, not infrequently, when it is 
moved, or even gently touched, the patient says that * something 
is happened.” When the loss of sensation is extremely severe, and all 
nsory impulses passing to the cortex have been cut off, the patient 
nay be unable to recognize that the etfect he experiences is produced by 
n external object and may sunply reply that something is happening to 

These contact-stimuh, which may produce this vague sensation 
ing happening” within the body, evoke precise recognition 


an object is acting on its surface when the cortical paths are intact 





Under normal circumstances the thalamie element in contact-sensibilit, 


irely, if ever, reaches consciousness, Which 1s dominated by diserimina- 


touch, and it only becomes a conscious factor in 


ve sensations of 
ition when the influence of the cortex is removed. 


Thus, we believe that the essential organ of the optic thalamus is 


e centre of eonsciousness for certain clements of sensation It 
sponds | stimuli capable of evoking either pleasure and discomfort, 
r consciousness of a change n state The feeling- tone Ol somatic or 


sceral sensation is the product of thalamic activity, and the fact that 
ition is devoid of feeling-tone shows that the impulses which 
inderlie its production make no thalamic appeal. 
The ftunetions of this organ are influenced by the coincident activity 
the cortical centres, and this control is effected ly means ol paths 
om the cortex to the thalamus which probably end in its lateral 
nucleus. Injury in this region sets free the thalamic centre from control 


ind therefore react without restraint to all stimulh capable of 
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arousing affective states. Since, however, most stimuli which act upon 
the body in daily life are noxious and so contain a disagreeable element, 
most sensations experienced ly the patient with a lesion of the optic 
thalamus are painful. ‘This is particularly the case when sensation is 
so gravely diminished that stimuli of great intensity only can reach 
consciousness. The occurrence of spontaneous pains and the painful 
paresthesize of the affected half of the body, so constant a feature of 
these cases, are due to the uncontrolled activity of this centre through 


which painful stimuli evoke a disagreeable sensation. 


N 2.— The Nature of the Sensory Activity of th Cortes. 


In a previous chapter we have described the results produced by a 
cortical lesion upon a series of measured sensory tests. Let us now 
analyse these defects in the hope that thereby we may learn the part 
played by the cortex in that response to an external stimulus we call a 
sensation. 

We are not concerned here with the limits of the area on the 
surface of the brain which are associated with a disturbance of sensi- 
bility; before it is possible to talk of ‘cortical localization we must 
know what sensory qualities are due to the activity of the corte: 
Much of the doubt that still hangs round the topography of * sensory 
centres’ arises from this ignorance. Most observers start with the 
assumption that impulses originate in peripheral end-organs and pass 
unaltered to the cortex, there to underlie that psychical state we call a 
sensation. But we have already seen that the impulses upon which 
depend the “ primary sensations” of touch, pain, heat and cold, are 
highly complex and undergo much regrouping before they arrive at the 
tinal sensory centres. 

Afferent impulses on their Way trom the periph rv to the cortex pay 
toll first of all to the unconscious co-ordinating mechanisms of the spinal 
cord and the cerebellum. Then, after being regrouped at the thalamic 
junction, they act upon two terminal centres. One of these, the 
essential organ of the optic thalamus, responds to all those elements 
which can evoke consciousness of an internal change in state, mor 
particularly pleasure and discomfort. Sensory impulses then pass by 
way of the internal capsule to act upon the cortex and these are the 
afferent materials out of which the cortex manufactures the forms of 
sensation with which it is concerned. 

We know the nature of these impulses as they travel through the 


capsule to the cortex; it is revealed by those cases of thalamic and 
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capsular disease in which the loss of sensation is due to interference 
with paths which pass from the optic thalamus to the sensory cortex 
vide p. 174). 

The dissociations of sensibility which can occur under such condi- 
tions show that, after exciting the essential centre of the optic thalamus, 
sensory impulses pass on in five main groups to be distributed to the 
cortex : 

1) Those which underlie postural recognition and the appreciation 
ff passive movement. Upon this group depends the secondary faculty 
of judging the difference or identity of two weights placed on the 
unsupported hands 

(2) Impulses which underlie the recognition of tactile differences o1 
the power of appreciating those qualities of touch other than contact 
ind roughness. ‘To this group we owe the faculty of recognizing the 
increase or diminution in weight of a test-object, and of distinguishing 
the ditference between two weights placed on the supported hand. 

3) Those upon which depend spacial discrimination (compass-points 
applied simultaneously) and its alhed faculty, the recognition of size and 
sh pe. 

(4) Those impulses which enable the patient to recognize the spot 
stimulated (localization). They carry with them the power of appre- 

ating the double nature of two points applied to the surface one after 
the other. 
(5) Thermal impulses Qn this group depends the possibility of 
recognizing those degrees of temperature which necessitate a comparison 
with the consequences of some previous thermal sensation, 

Such are the atferent materials out of which the cortex manufactures 
those forms of sensation for which it is responsible. We have alread, 
studied the nature of this activity, as revealed by the effects of a cortical 
esion (Chapter IIT) Such a lesion tends, as we have seen, to produce 
peculiarities in the response to sensory stimuli unknown at any other 
level of the nervous system. ‘The larger the area atfected between the 
precentral fissure and the occipital lobe, the more certainly will sensi- 
bility show these characteristic changes. 

The accuracy of response to measured tactile stimuli, whether von 
Frey's hairs or graduated pressure, is greatly reduced. The answers 
ire irregular and uncertain, and increasing the stimulus does not of 
necessity lead to an equivale nt nprovement m the proportion of accurate 
replies. Contact-sensibility is not lost, and cotton-wool may still be 


appreciated, although it may seem “less plain” than on the normal 
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side. Tactile sensations tend to persist and hallucinations may be 
present to an abnormal degree. Fatigue is induced with unusual 
facility; this is not general but affects solely the sensibility of the 
affected part, for the answers from the normal side may remain as good 
at the end as at the beginning of a series of observations. 

The power of estimating the relative warmth or coldness of two 
stimuli sutters when thermal sensibility is affected by a cortical lesion 
That part of the scale can no longer be appreciated where the sensation 
evoked by a given temperature normally depends on that to which the 
part has been previously adapted. This zone of relative heat and cold 
is abolished over the affected parts, and temperatures that fall within 
it are said to be neutral. Liven when the warmth or coldness of thi 
stimulus can be correctly appreciated, the sensation seems * less plain’ 
over the affected limbs; the replies of the patient are less constant 
and less certain, and a temperature recognized without difficulty at on 
time seems doubtful at another. The power of discriminating th 
relative coolness of two cold stimuli and the relative warmth of two hot 
tubes is diminished, provided two temperatures are chosen which do not 
appeal ditterently to the thalamic sensory centre Thus even the faculty 
ot appreciating the relative intensity of two te Inperatures on the same 
side of the scale is disturbed, although both may be named correctly 

But all these stimuli contain elements capable of rousing the activ 
of the essential thalamic centre. The tests for the reeognition of 
posture, of passive movement, spacial discrimination (compasses) and 
the locality of the stimulated spot contain no such elements, and it is 
these aspects of sensation that sutfer most profoundly In consequence of 
a lesion of the sensory cortex Postural recognition and the apprecia- 
tion of passive movements are usually grossly affected. The power of 
localizing the stimulated spot is less frequently disturbed, but may b 
abolished. These two faculties are independent of one another and may 
be affected separately. Moreover, a disturbance of localization caused 
by a lesion of the cortex is not due to coincident uncertainty of tactil 
sensibility, for it is equally demonstrable when the stimulus is a prick t 
which the patient responds on every occasion 

A cortical lesion can destroy the power of appreciating the doubl 
nature of the compass-points applied simultaneously to the = skin 
increasing the distance between them may not, under such cireum- 
stances, improve the accuracy of the replies. This loss is in no wa 


due to defects of tactile sensibility, for it can be demonstrated when 


the compasses are armed with two sharp points 
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When dealing with the arrangement of the sensory impulses which 
pass through the internal capsule to be distributed to the cortex, we 
showed that the power of estimating weight, size, shape and form 
n three dimensions depends on the integrity of several separate groups 
hus the appreciation of difference between two weights placed in the 


unsupported hand demands perfect postural recognition. The faculty 


of estimating weight placed consecutively on the supported hand 
depends on the integrity of tactile sensibility Such dissociation 1s 
impossible with lesions of the cortex, for we are no longer dealine with 


i disturbance of sensory impulses, but with the difficulty of recognizing 
the relation between two percepts. The patient generally gives up all 
ittempts at appreciation, saying he has “‘ no idea“ of the shape, form, o1 
relative size and weight of the test-object 

The tests for the appreciation of roughness and of texture demonstrate 
clearly the part played by the cortex in sensation. With Graham- 
Brown's wsthesiometer the threshold is identical on both hands: in 
every cast the amount of protrusion necessary to inake the flat surface 
of the instrument seem rough is the same on the two sides In this 
test the patie nt has to determine solely whether the sensation is one ol 
roughness or smoothness. But, as soon as he is asked to correlate these 
ensations and combine them with those of touch, as in the tests for the 
appreciation of texture, he fails entirely. He complains that from the 


itfected hand he ean gain no idea of the relation between the various 
stuffs passing under his tingers. One may seem rough, another smooth, 
but the sensations do not enable him to recognize the material he is 
handling. 

livide ntlv, one of the faculties which we owe to cortical activit Is 
the power of relating one sensation to another, whether they arise 
imultaneously or consecutivel\ Recognition of weight, size, shape, 
form and texture depends entirely on this faculty Such tests con- 
sequently reveal the grossest defects whenever a cortical lesion produces 
anv considerable influence upon sensibility 

\ little consideration shows that loss of this faculty of relation 
it the bottom of the diminished appreciation of posture and_ passive 


movement, which constantly forms ont t the gravest defects produced 


by lesions of the cortex For it would be impossible to discover the 
position of any part of the body, unless the immediate postural sensa- 
tions were related to something that had preceded them \ direct per- 


ception of posture, analogous to that of roughness, is impossible; in every 


case the new position of the limb is relative to some previous posture. 


BRAIN Vor XXIV L 
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At any moment we can become conscious of the position of any part 
of our bodies, and although such postural recognition is not constantly 


in the central field of attention, it always forms the measure against 
This is peculiarly the case with 


which we judge subsequent change 
Not uncommonly a patient with 


the appreciation of passive movement. 


a cortical lesion can recognize that some movement has occurred, but is 


entirely unable to discover its direction or amplitude ; complete apprecia- 
tion of passive movement is the recognition of serial changes in a certain 
direction. 

Munk ({27! and all those who have recognized the relat 


nature of the appreciation of posture and passive lovement have 


spoken of the cortex as the repository of images of movement. This 


is, however, an unsatisfactory term when we consider the actual ettects 


produced by a cortical lesion; for, when we speak of a visual or of an 


auditory mage, We mean somethine that can be recalled into con 


sciousness. If we compare the colour of one ribbon with 


another seen a few moments before, many of us can recall the image 


of the first and compare it with that of the second Both may be in 


the central tield of Consciousness tovether. 


} 


When we sit immobile and imagine our fingers touching some object 


on the table, many of us see, at once, the picture of an outstretched 


arm: the only imave in consciousness is a visual one Now, in cases 


where all power of recognizing posture is lost this visual image remait 


unchanged, and it cannot therefore be the standard to which we refer 


alterations in posture. Place the patient's attected arm in front of hin 
position nh which t lies : close h 


| Nel 


and he will continu 


on the bed, allowing him to see thi 
eves, and in most cases he will see a mental picture of his hand 
change its position whilst his eves remain closed 


to see a picture of the hand in its old position Moreover, tf localization 


is not affected, he will name correctly the spot stimulated but will refer 


it to the position in which he visualizes the hand The visual tage of 


the limb remains intact, although the power of appreciating changes in 


position is abolished. 


It is evident, therefore, that the standard resulting from previous 
postures and movements, to which immediate reference brisecle 


when a fresh position is recognized, cannot be a visual image Th 


existence of a group of human beings whose conscious life by da 
is devoid of all visual images would be sufficient evidence of th 
fact apart even from the direct results of experiment Some such 


images. That is to say, the 


persons may possess true movement 
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assumption of an imagined posture may be accompanied by re-presenta- 
tions of movement equivalent to the pictures of those who visualize 
strongly. 

But in both cases the image, whether it be visual or motor, is not the 
fundamental standard against which all postural changes are measured 
very recognizable change enters into consciousness already charged 
with its relation to something that has gone before, just as on a taxi- 
meter the distance is presented to us already transformed into shillings 
nd pence So the tinal product of the tests for the appreciation of 
posture Or passivi movement rises nto consciousness as a measured 
postural changes 


For this combined standard, against which all subse juent changes 


r| posture are me isured before thev enter consciousness, we propose 
} word schema by means of perpetual alterations in position 
e are alway b ling up a postu model of urselves which 
n intiyv cha FES | e 1 ne posture movement 3 recorded on 
h plast schema id the vitv of the corte brines every fresh 
vroup of sensations evoked by altered posture into relation witl 
lmmediate postural recognition follows as soon as the relation 
miplete 
(ne of out patient had t his left leo some time before the appeal 
} nee of the cerebral lesion which destroyed the power of recognizing 
sture After the nputation, a ! ) nan slipilar Cases, he 
(perienced movements in a phantom foot and leg But these ceased 
miinediatelv on the MCLUPPONCE r the ce ebral lesi nm; the troke which 
bolished all recognition of posture destroyed at the same time thx 
phantom limb 
In the same way, recognition of the locality of the stimulated spot 
lemands the reference t noth * schema.” For a patient may by 
ible to name correctly, and indicate on a diagram or on another person's 
ind, the exact position of the spot touched or pricked, and yet b 


wrant of the position in space of the limb upon which it lies. This 
well shown in Hn. (Case 14). who never failed to localize the 


] ] 


stimulated spot correctly, although he could not tell the position of his 
hand. This faculty of localization is evidently associated with the 
xistence of another schema or model of the surface of our bodies which 
Iso can be destroved bv a cortical lesion ‘The patient then complains 
that he has no idea where he has been touched. He knows that a 
‘ontact has occurred, but he cannot tell where it has taken place on the 


irface of the attected part. 
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It is to the existence of these ** schemata” that we owe the powet 
of projecting our recognition of posture, movement and locality beyond 
the limits of our own bodies to the end of some instrument held in the 
hand. Without them we could not probe with a stick, nor use a spoon 
unless our eyes were fixed upon the plate. Anything which participates 
in the conscious movement of our bodies is added to the model ol 
ourselves and becomes part of these schemata: a woman's power of 
localization may extend to the feather in her hat 

Thus, it is evident that among the various functions of cortica 
activity which imply a relation, the act of comparison may be olf 
different grades in the hierarchy of consciousnes- The appreciation ol 
two weights placed at the same time one in each hand is an examplk 


the faculty of relating two groups of presentations simultaneously in the 


focus of consciousness. | 
Necognition of posture and passive movement iupl es the combina | 
tion of every fresh group of sensations with postural schemata out | 
side the central field of attention The change in consciousness 
which corresponds to this combination is immediate recognition of an 
altered position. 
But such disturbance of the power of recognizing identity and 
ditference will not account for all the abnormalities of sensation pro 
duced by a cortical lesion. When the atfeected part is under examination, } 
the patient's rephes are uncertain and variable; hallucinations and 
persistence of sensation tend to disturb the records. They show in an 
exaggerated form the errors that may appear in a normal person who is 
inattentive. And yet, as soon as we examine any unatiected part, the 
patient may come through the same series of tests without a mistake 
On the left hand in Case 14, the records were on one occasion so bad 
that we took a similar series of readings, not only from the other hand, 
but also from both feet: those from the affected hand alone showed the 
features which might have been attributed to inattention 
Moreover, in many cases increasing the strength of the tactil 
stimulus does not of necessity produce a corresponding lmprovement i } 


the answers. As good a record may be obtained with a hair exerting a 
pressure of 0°36 grm. as with one of ten times the strength In the 
same Way as many correct answers may be viven to the contact of 


an instrument weighing 2 grm. as when it exerts a pressure of 32 grn 
on the same area. 


K;vidently a lesion of the cortex produces an effect upon sensation 


of a different order from that found at any lower level of the nervous 
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stem. All those defects, which may occur when a normal person is 
inder examination with psychophysical tests, are present in a grossly 
exaggerated form. ‘Those defects, which we ordinarily attribute to want 
f attention, are raised toa degree unknown in the normal human being. 
But the patient’s power of general attention has not been lowered 
in such cases as those we have cited in this paper. Records from the 
lumbs of the sound side show that the phenomena of defective attention 
we confined to the abnormal parts. A portion only of the patient has, 

t were, become untrustworthy 

Wi I eve that the funetional integrity ol the cortex enables 
tention to be concentrated upon those changes which are produced by 
the arrival of afferent impulses. When this is disturbed, some impulses 


ikke a sensation, but others, from lack of attention, do not attect con- 


IsNess Attention no longer moves freely over the sensory field to 
be focussed successively on fresh groups of sensory Impressions. Sen- 
sitions, once evoked, are not cut short by the moving away of the focus 


attention as when cortical activity is perfect. Hence arise persistent 


sensations and hallucinations which are so prominent a feature after 


To sum up, we believe that the cerebral cortex is the organ by which 


we are able to focus attention upon the changes evoked by sensory 
pulses \ pure cortical lesion, which is not advancing or causing 
( lic discharges, will change the sensibility of the affected parts in 


Way that the patients answers appear to be untrustworthy 


Such diminished power of attention makes the estimation of a threshold 


many cases Impossible Uncertainty of response destroys all powe1 
f comparing one set of impressions with another and so prevents 
liscrimination 

But. in addition to its function as an organ of local attention, the 
ensory cortex is also the storehouse of past impressions. These may 


se into consciousness as images, but more often, as in the case of spacial 
mipressions, remain outside central consciousness. Here thev form 
unized models of ourselves which may be termed “ schemata.” 
Such schemata modify the impressions produced by incoming sensory 
nipulses in such a way that the final sensations of position, or of 

ilitv, rise into consciousness charged with a relation to something 
that has happened befor Destruction of such “ schemata” by a lesion 
of the cortex renders impossible all recognition of posture or of the 


ocality of a stimulated spot in the attected part of the body. 
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a. oy The Inter-relation of the Opti Thalamus and the Corter «in 


the Production of Sensation 


In daily life all stimuli excite more or less both thalamie and 
cortical centres, for most unselected sensations contain both affective 
and discriminative elements But, amongst the tests we have emploved 
in sensory analysis, some appeal almost entirely to the one or othe: 
centre. The test for recognition of posture, as carried out by us, is 
purely discriminative; whilst the pain produced by squeezing the 
testicle, or to a less degree by the pressure-algometer, appeals almost 
exclusively to the more affective centre 

Sensory impulses arriving at the optic thal 


such a wav that they can act upon both its essential centre and thr 


ensory cortex. The essential organ of the thalamus 1s excited to 
ulfective activity by certain impulses, and refuses to react to those which 
underlie the purely discriminative aspects of sensation These pass on 
to intluence the cortical centres where the ive readily accepted In a 
similar wav, the primary centres ol the cortex cannot receive thos 
components which underlie feeling-tone n this direction thev are 
completely blocked 

It has lone been recognized that sensations are endowed with feeling 


tone to different degrees. In those which underlie postural appreciation 


this quality is entirely absent, whilst visceral sensations are, in som 
nstances, little more than a change in a general feeling-tone : one set 
ol impulses Lppr ils almost exclusively to the cortical centre, the othe 
to that of the optic thalamus All thermal stimuli, however, make a 
double appeal! k:very sensation of heat or cold is either comfortable or 
uncomfortable: the only entirely indifferent temperature is one that 1s 
neither hot nor cold 

In the same way, most unselected tactile stimuli appeal both to the 
ensory cortex and to the optic thalamus ‘or not only is a toucl 
always related to, and distinguished fron sOlnething that ha Crone 
before it, but we have shown that contact, especially of an object 
moving over hair-clad parts, is capable of exciting thalamic activity 


Vibrations of the tuning-fork also make a double appeal, for when thi 
cortical pati s are cut the umplitucde of the vibration must be create 
in order that it may be appreciated; on the other hand, the vibratory 
effect mav be stronger on the abnormal side in those thalamic cases 
where the affective response Is excessive 


But these two centres of consciousness are not co-equal and 
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ndependent. Under normal conditions the activity of the thalamic 
‘entre, though of a different nature, is dominated by that of the cortex. 
When we examine the sensation normally produced by a_ prick, we 


recognize that the pain develops slowly and lasts a considerable time 


ifter the stimulus has ceased Moreover, the same intensity of 
timulation will produce a different effect on the same spot on different 
ccasions. A long, latent period, persistence, and want of uniformity 
we characteristic of all painful sensations. This is seen in an 


exaggerated form in eases where the thalamic centre has been freed 


from control. The response to prick is slow, but persists long after 
the stimulus has ceased Moreover, the reaction, when it occurs, tends 
be explosive; it Is as if a spark had fired a magazine and_ the 
msequences were not commensurate with the cause. 
Cyn the ntrary, the sensations normally produced by moderate 
le stir re characterized by a short latent period, and disappea 
HnoOst minediitely on the cessation of the stimulus A lesion of 
the senso cortex disturbs both these characteristics. Tactile sensa- 


tions became uncertain and inealeulable, and no threshold can be 


obtained; persistence and hallucinations mar the uniformity of the 


Now we have shown that the sensory cortex is the organ by which 


ittention can be concentrated on any part of the body that is stimu- 


ited The foeus of attention is arrested by the changes produced by 

rtical activit t any one spot. These are sorted out and brought 
nto relation with other sensory processes, past or present. Then th 
focus of attention sweeps on, attracted by some other object, 


All stimuli which appeal to the thalamic centre have a_ high 
reshold. They must reach a high intensity before they can ente: 
uusness, but once they have risen above the threshold they tend 
produce a change of excessive amount and duration, and this it is 
the business of the cortical mechanism to control. The low intensity 
of the stimuli that can arouse the sensory cortex, and its quick reaction- 
period, enable it to control the activity of the cumbersome mechanism 
f the thalamic centre 
Our view of the sensory mechanism put forward in this paper 
explains many of the facts already recognized both by psychologists and 
clinicians It enables us to understand how integration can occur at 
all afferent levels of the nervous system, and makes development possible 
even in the individual. The aim of human evolution is the domina- 


tion of feeling and instinct by discriminative mental activities. This 
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struggle on the highest plane of mental life is begun at the lowest 
afferent level, and the issue becomes more clearly defined the neare) 


sensory impulses approach the field of consciousness 


APPENDIX |! 


THE value of our work depends entirely on the trustworthiness 
of the methods used in our investigations, and we shall therefore 
devote this appendix to a short consideration of the means we have 
adopted to test sensation. This is the more necessary because th 
stand midway between the rough-and-ready tests of the clinician 
and the elab vate methods of the psychophysical hvesl ito Kixtended 
observations with cumbersome apparatus are possible to the latter, 
because he is working with normal human beings, who can be selected 
and trained for his purpose 

Our aim has been to employ a series of tests which give measurabl 
results without, at the same time, exhausting the patient, or demanding 
any but the smallest amount of introspection. ‘The measurements so 
obtained are not compared with an absolute standard, but with the 
results vielded by the same tests on the normal half of the patient 
under identical conditions, and we have therefore rejected all cases 
where both sides were attected 

ven on the normal side we do not attempt, in most instances, 
to discover the true threshold. We begin each series of observations 


on the normal half of the body with a test near the threshold-valu 


but well within the patient’s capacity. The abnormal parts are then 
examined with the same test, and, if a perfect series of answers cannot 
be obtained, the stimulus is increased until a threshold is reached, or, 


if this is not possible, until the task is at least many times easier than 
is necessary on the normal side. Thus, all our measurements ar 


comparative, and each case vields its own standard. Otherwise such 


tests as the compasses, recognition of relative weight and size, and all 
attempts to estimate painful stimuli are useless and fallacious fon 
observations on the sick. 


Measurable stimuli are also necessary when we wish to compare 
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the reaction evoked from normal and affected parts. For instance, it 1s 
mpossible to study satisfactorily the results produced by a prick over so- 
called “ hyperalgesic ” areas, unless we can be certain that the force 
behind the needle is approximately the same with every stimulation 


We have always atte mipted to analyse composite forms of sensation 


nto their simplest components For instance, the power of recog- 
nizing the form of an object by handling it depends on the integrity 


f several simple sensory qualities, and the condition of each of these 


Omponents must be nvestigated if the exact nature of the more 


complex loss to be understood. Similarly, the faculty described as 

‘topognosis,” the power of pointing without the aid of vision’ to 

the stimulated spot, may be affected cither by loss of the sense of 

{ ality, or by ignorance of the position in space of the part of the 

dy upon which that spot is situated: on which of these the ato- 

pognosis depends can be determined only when the two faculties are 

separately exdmined On the other hand, the condition of the more 

compl x faculties must be tested in each case, since they depend on 

' the power of associating In consciousness several different elementary 
yualities OL sensation 

But it is also necessary that the tests employed should be suitable 

y ordinary clinical purposes. Although several of our most interesting 

} cases have been drawn from private practice, the majority of ou 

patients belonged to the hospital class, who are, as a rule, poorly 

educated and not highly intelligent, and in examining them it is 

byiously impossible to make use of the more elaborate tests that are 


emploved by psychologists. The difficulty in attempting this is_in- 


creased by the fact that the lesions which produce the svinptoms we 


the intellectual activity of the subjects. An attempt to employ such 
tests in unsuitable cases not only leads to an undue expenditure of time, 


but may readily give rise to error and confusion 


have invest vated, or associated pathologn al changes, Treque ntly lower 


arly in our studies we drew up a schedule or scheme, according to 
} hich all forms of sensibility could be systematically investigated. This 


has been in many respects modified or elaborated in the course of our 


work, and is presented here in the form in which we now employ it 


{ p. 211). 
2 : " | ] } ] . ‘ 
Such an examination as this schedule demands needs much time and 


patience on the part of both the observer and the patient, even when 
t is carried out on a small portion of the body. Hach of our cases 


required, as a rule, tive to ten hours divided into several sittings, and 
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In many instances we devoted a much longer time to the examination 
These facts may seem to make our methods unsuitable for ordinary 
clinical purposes, but our aim has been to investigate completely the 
nature of the chanves in sensation rather than to discover signs. of 
diagnostic utility For this purpose a much shorter and simpler scheme 
may be drawn up 

Those who wish to repeat our observations must either employ the 
methods we have followed or must select others more accurately suited 
to the purpose. It is useless to attempt either to confirm or con 
trovert our results by tests earried out on the usual lines of elinical 
examination 

Certain well-recognized rules have always guided our studies 
The most important of these is to obtain the goodwill and interest 


of the patient; for without this it cannot be hoped that the observa 


f 


tions will be trustworthy When atte 


t 


to tire or lose interest, it is necessary to interrupt the examination; and 
for this reason we have always tried to arrange that the tests demand- 
ing the greatest effort and concentration on the part of the patient 
should be made early in the sittine while he is fresh, and the coarse: 


and subjective ly easier tests reserved till the late: staves 


In the second place, we have alwavs avoided, Ss tal is possible, 
anything that might, on the one hand, suggest a response, or, on thi 
other, confuse it Mach test was first explained fully to the patient 
and he was requested to reply simply “ves” or “no?” or by othe 
appropriate answer to each stimulus No further questions were asked 
during the examination In many instances it is necess to obtain, 
in addition, an introspective description or analysis of the sensation 


evoked ; but we have always attempted to separate this from the tests 


that were devoted to the determination of any alteration of senstbil 


(A SPONTANEOUS SENSATIONS 


The examination is begun by obtaining from the patient a descrip- 
tion of any abnormal sensations he may experience in the atfected 
parts, such as pain, numbness or tingling. As these terms may imply 
very different conditions in ordinary phraseology, it is necessary to 
determine as exactly as possible in what sense they are used by the 
patient. ‘* Numbness” may signify a“ loss of feeling,” or it may even 
be used to describe, not a loss of function, but a positive abnormal 


sensation, a paraesthesia 
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When such spontaneous sensations exist, It Is Important to ascertain 
f they are constant, or the conditions under which they occur, and 
f they are ageravated by any external agent, as contact, heat or cold 

Wi ire accustomed t Inquire ilso af) the patient has noticed at 
ny time that he is unaware of the position in which the affected limbs 
e, and if he preserves an idea or mental picture of the limb. Many 
tients complain that when they wake at night they do not know 
vhere the arm is lving, and in some cases it seems as if part of the 


b, such as the hand, had d sappeared 


Whilst investigating the state of tactile sensibility, the part to be 


tested is always screened from the patient's sight and he 1s asked to 
eply ~ Ves to each contact he appre ites In no case is he ques 
ned during the progress of the observations 
\t first we were in. the ibit of blindfolding our patients, but, 
specially in case { cerebi disease, this is linble to lead to a state 
{f defective general attention These patients usually prefer to keep 


their eves open and we arrange the screen so that not only the part 


be tested but also the manipulations of the observer are hidden from 

) Light ¢ W is always examined first by applying a wisp of 

ne cotton-wool of long tibre vently to the skin so that it does not 
produ gross pressu r any deformation of structure By this test 
cons bl f sensation can be easily detected on hairless 
rts; but tton-w ‘ontacts are frequently appreciated over hair- 
id regions which are insensitive to this stimulus when the hair has 
en removed | shaving In the une wav the palm, the palmar 
pect of the fingers and the dorsal surface of the terminal phalanges, 
vhich are devoid of hairs, are often insensitive to cotton-wool, though 
such contacts mav be appre ited on the hair-clad portions of the hand 


This is in part due to the fact that a stimulus which bends a hair ts 
nitied by leverage in its effect on the afferent end-organs. But in 
class of case with which we deal in this research a more important 
factor is the “tickling” produced over hair-clad parts by contact with 
itton-woo wine to this affective element in hair-sensibility, hair- 
‘lad parts may remain sensitive to contact with cotton-wool even though 
sensation to this stimulus is lost over hairless parts 


For determining the threshold for light touch, we have employed 
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von Frey's graduated hairs, which depend upon the fact that 
pressure 
to bend it 


unit 


balance, Is divided by Its total area 
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is exerted p of a hair when sufficient force is 
is obvious that we 
bending the measured 
, is expressed 


numbers 


erm. min.” 


throughout this paper depend on this 


etfect. 
But 


pairing 
purpose 
circle of the 


expressed in grm. mn. 


In 


hair, 


al, 


70 
ne) 
LOO 


110 


that this 1s 
as graduated tactil 
he@rammes 
the cross-section 
repres nts 
following 


actual pressure 


Ineasurements 


Hairs exerting a pressure of mor 


sensation ol } ricking, ‘ specially 


have therefor 


avoided their observations « 


The 


von 





disturbance of 
rough tests an area 
we have reason to suspect that sensation is disturbed 
on a similar part of the normal hand with a 
can give a perfect series of answers without difficulty 


the hand in normal persons react to hairs ¢ 


} ] ] 
s selected, usually 


wh ch the 
Most parts of 
orm. mm., 


is therefore threshold 


germ. mim.” 
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contacts are made in one minute, a rate which allows us to vary the 











' 
intervals between any two touches in order to avoid the common 
endency to rhythmical replies, especially from areas of defective 
ensibility. On the abnormal! side, the first hair selected is that which 
in be easily appreciated on the normal hand; then hair after han 
increasing strength is applied until either the threshold is passed 
« D 
D 
? ee 
A 
B P 
5 
E 
o 
| | 
aa = 
Loic ' 
’ 
C 
iF 
} I { | } n 
the strongest ha which does not produce pricking is reached 
Frequently we then go backwards again to the hair with which the 
testing had begu No word is spoken throughout such a series of 
te which a end ina fin et of contacts on the normal hand 
f th une hair with which we had begun 
kkach correct answe) recorded by a vertical stroke and failure 
to reply by an ©; hallucinatory responses, 1f they occur, are marked 
} 


with a broken stroke From such a record the proportion of correct 


+ 


re plie a and the order in wh ‘h the \ occurred, can be studied al le imsure 


ou aun CNathiprte of these records see pp. 13s, 14s, 237 





Limit 
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(b) Pressure-touch can be roughly tested by contact with the pulp 
of the observer's finger, provided that its surface-temperature does not 
ditfer widely from that of the part to be examined 

For the determination of the threshold for pressure-touch we have 
emploved a simple form of pressure-sthesiometer (fig. 5). This 
consists of a vuleanite cylinder (A) pierced in its length to allow a thin 
steel rod (b) to move freely in it Mach end of this rod projects some 
distance beyond the ends of the evlinder: one end is pointed and 


shod with a cork or vuleanite dise 3 mim. in diameter (Fe), which we have 


adopted as a standard area, while near the other end there is a small 
platform (¢) on which weights, pierced in their centre, so that they cat 
be placed on the steel rod, may rest The weight of the steel rod witl 


this 1s consequent) the weight that 


the contact dise is 2 grm., and 
falls on the skin through the dise when the unloaded instrument 

brought vertically im contact with it: but by adding weights th 
pressure can be increased up to DO orm. or more lf necessary The 
instrument is held by the vulcanite cylinder and the cork dise is brought 
vently in contact with the part to be tested; then by depressing thi 
evlinder the desired weight falls on the surface The instrument 
simple and suffers only from the disadvantage that it must be use 
vertically. The minimal pressure that can be applied by it is necessar 
high owing to the weight of the steel rod, but can be reduced to 1 on 


This pressure on a 3 mim. dise can be alwavs and constantly appreciate 
| 
} 


{ 


on normal parts, and the instrument is consequent! f use only aft 
tests with von Frey's hairs or cotton-wool have shown that there is a 
alteration of tactile sensibilit, 

In attempting to determine a threshold with this asthesiometer we 
adopt the procedure deseribed for von Frey's hairs, beginnine with 
low pressure and increasing after each series of contacts until a weight 
is reached with which the sixteen successive contacts in one minute can 


be appreciated icf. p. 150) 


(*2) Locali ation 


1 
{ 


Various methods have been described to test the faculty of loealiza 
tion of tactile and other stimuli on the surface of the bodv. We have 
experimented with most of them, but have found a modification 
Henri's method the most suitable for clinical purposes 

In Henri's original method the patient was required to mark on 


a life-sized diagram or photograph the exact situation of the spot 








— 
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stimulated, while the observer indicated on a duplicate diagram the spot 
he touched. Simple though this method is, it labours under the dis- 
idvantage that many patients find a difficulty in translating an image 
{ the part tested on to a diagram which can show only two planes of 
pace. We found that this difficulty disappeared when the diagram 
was replaced by the corresponding part of another individual. The part 

be tested, for instance the left hand, is hidden from the patient by a 

reen, While the left hand of one of the observers is presented to him 
placed in a position as similar as possible to that of his own limb. On 
this living model of his hand the patient indicates with his other fore- 
finger the exact spot on which he believes he had been touched. The 

‘cond observer marks ona diagram the spot that is touched, together 
th the spot indicated by the patient, and thus a permanent record is 
btained When one hand is seriously paralysed the patient must 
isually withdraw the normal hand from behind the screen, when control 


bservations are being made on it, in order to point to the spot that had 


Occasionally we have also used the method in which the patient 
names the spot stimulated but accurate results cannot be obtained by 
this method and it labours under the serious disadvantage that confusion 
requently arises in the terms employed to designate the different parts, 

ich as the fingers or their segments 

The groping method is useless asa means of testing the power of 

‘alization, as the results obtained by it are influenced by any disturb- 


ice of the power of recognizing the position in space of the part 


y Roughness 


The threshold for the appreciation of roughness is most conveniently 
determined by t Graham-Brown wsthesiomete This consists of a 
mass of brass w th a pol shed surface from which «a tooth may be 
projected by a vraduated screw The instrument is drawn firmly ove 


the part to be tested, and after each application the tooth is projected 
further till the patient can recognize the roughness. When the threshold 


normal this is generally apparent to the observer at the same time 
the patient. owing to the increased resistance that is offered to the 

vemment of the instrument by the projection raking on the skin 

Throughout this work we have used the original form of the 


nstrument with one projection rather than that with many projecting 


c\ lind Is. 
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We have used for the same purpose emery- or glass-paper of different 
degrees ol roughness We have adopted five orades and employ as a 
control a piece of smooth cardboard of the same thickness. The norma! 
fingers, when drawn over the rough surface, can recognize even the finest 
emeryv-paper we employ as rough, and can easily distinguish the relative 
roughness of any two grades. When this faculty of sensation is affected 
the finest grade that can be recognized as rough represents the amount 
of the defect. This isa useful test, for by it the power of discriminating 
the relative roughness of two grades tested in succession may easily be 


determined, 
(4) 7 tek] ng and Scrap / 


The conclusions to which our investigations have led made 
necessary to seek stimuli which are largely affective, or which contain 
a considerable affective component \part from pain, it is difficult t 
obtain a stimulus of this kind, but ticking unquestionably evokes 


sensation which is strongly affective and may be either pleasant 


unpleasant The easiest method to produce tickling is to draw thi 
pulps of the fingers gently over the soles of the feet: in some cass 
this stimulus also tickles the palms of the hands In certain person 


a wisp of cotton-wool rubbed gently over hair-clad parts produc 
tickling, especially over the pinna, on the neck and on the hair behind 
the ears, although in manv such a stimulus is entirely inefte: 
this purpose 

Scraping with the tinger-nails is also a definite affective stimulus 
of the unpleasant order, as may be seen in cases in which ther 
an exaggerated response to affective stimuli In such patients it may 


produce an intensely unpleasant sensation 


+) | horawt 


l'o test the powell ol recognizing V bration \\ ¢ PhiakVve ely 
heavy tuning-fork, beating 128 vibrations per second | ¢ The fork. 


when strongly vibratin is placed on some part of the affected halt 


of the body, and, if the vibration can be appreciated, the patient is 
requested to compare the sensation evoked with that he obtains when 
the fork is applied to the corresponding part on the normal sid 
Afterwards he is asked to indicate at once when the vibrations of the 
fork appear to cease on the attected part, and it is then immediatel\ 


transferred to the corresponding point on the normal side; the addi 
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tional period during which it can be appreciated on this side, gives a 
measure of the reduction of sensation to this test on the affected half 
if the body. 


6) Compasses. 


The ability to discriminate two simultaneous contacts may be tested 
by means of any of the forms of clinical compasses; we have found 
in ordinary carpenter's callipers with rounded points the most. satis- 
factory 

The compass-points are set at a distance from one another which 
s just above the threshold on the normal side, that is to say, at such 

distance that the patient has no difficulty in recognizing the two 
contacts when the points are applied simultaneously. Ten single and 
en double contacts are then made in irregular order on the normal 
side, and the results are recorded by the method suggested by 
MeDougall, and described by Rivers and Head /1338!. Then the similar 
part on the affected half of the body is tested in the same way, with 
the compass-points set at the same distance from one another. If this 
s found to be below the threshold, the points are separated until a 
threshold can be obtained, or, if this is not possible, a record is taken 
ith the compasses separated to a distance many times greater than that 
at which a perfect reading was obtained on the normal side (cf. p. 259) 

But in addition to testing the ability to discriminate two points 
simultaneously applied in the ordinary way, we have found it necessary, 
when dealing with sensory disturbances from cerebral lesions, to investi- 
ite the power of recognizing two points applied to the skin in close 
succession. This can be carried out by bringing down first one point 
ind, whilst it remains in contact with the surface, rapidly placing the 
second point upon the skin Evidently, the interval of time between 
the successive applications must be short if the two points are to be 
ippreciated as a double contact, and not simply as two successive 
suuches The following record, obtained from the attected forearn 
in a case where the power of recognizing the double nature of the 
compass-points Was _ lost, whether they were applied simultaneously 
x successively, illustrates the method by which we record the results 


of this test 
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Here the compass-points were separated by a distance of 15 em., 
and the contact of one point was recognized in every case correctly 
But two points applied simultaneously (2) or successively (2+) were 


never said to be anything but one. 


| Pain. 


(a) Superficial pain Sensibility to pain may be tested first bi 


t 


ricking with a sharp steel pin or needle; the reaction to the prick | 
| | | 


should be observed, and thx patient asked to compare the sensations hi 


} 


experiences When normal and atfected parts are pricked in close succes 
sion It must be remembered that even in this simple test there is 
a danger of confusion, as the contact of a point, in addition to evoking 


} 
} 


pain, gives an idea of “sharpness” due to the appreciation of the 


relative smallness of the stimulating object Consequently, if the 
power of recognizing relative siz is disturbed, the prick of a pin ma 
be described as “ less sharp m the abnormal parts, although the pai 
evoked may be as great, or even greater, than on the normal sid lt 
is therefore necessary to insure that the patient distinguishes betwee 
the sharpness of the stimulus and the pain or soreness it produces } 
Unhappily, this is often difficult, and consequent care must be take 
to guard against this source of error before deciding that sensibility to 
pain is disturbed solely on the ground that pricks are described 
“less sharp” than over normal parts. 
If the loss is sheht, such a conclusion can be satisfactorily attaine 
only by determining the threshold for pain. ‘The simplest instrument 
for this purpose is that which we have described as the pressure- 
wsthesiometer (fig. 5), with the contact disc removed so as to leave 
a naked point. The weight that must be placed on the needle befor 
its contact evokes pain can be easily determined, and represents the 
threshold-value This weight will vary with the sharpness of th 
needle, but by employing seWihe needles of a de finite crade, which can 
be attached to the steel rod, a standard of sharpness may be obtained 
In our work, however, this was not essential, as we have alwavs had 
normal side with which to compare the pain-sensibility of the affected 
parts. | 
This simple instrument suffers from the disadvantage that it must 
be applied vertically Wi have consequently employed, is a rule | 
another form of algesimeter (fig. 6) It consists of a metal tube 


about 15 em. in leneth, closed at one end and containing at the othe 
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a piece of vulcanite (bs), flattened at its projecting end and perforated to 
allow the projection of a needle ic). The tube contains a long needle, or 
a fine steel rod, to one end of which a needle may be attached. A fine 
spiral spring is fixed to the blunt end of this needle and the other end 
of the spring is inserted into a small bar (F) which projects into the tube 
through a slit (a...)) in one side of it, and 1s carried on a collar (&) that 
runs on the outer side of the tube. The spring is so arranged that it 
exerts no traction on the needle when the collar is at the highest point 
f the slit, and if the instrument is then applied verticaliy the point 
weight only If, however, the collar is slid 


down towards the point of the needle tension is put on the spring and 


exerts a rresponding pressure on the needle bv measuring this on a 
balance the instrument can be graduated according to the pressure in 
oramimes exerter n the needl When the collar stands at different 
points of the scale \n instrument graded between 2 grm. and 10 grim 


ifficient for ordinar linical purposes When the instrument 


sed hon t h the point upwards these values vary accord- 

c Line Welght or thre hneedtie, bul th Variation can be easily caleu- 

| ited When, however, as in our work, it is sought to obtain a relative 

mnparative rather than an absolute threshold this point is un- 

ssential, f the nstrument be tppied at the SiLbhie invle to the 
rresponding | s of the t sick of the bod 

It has been alwavs recognized that it is dithcult to obtain an accurate 

threshold for paint pricl for if a pin be applied with the same 

moderate pressure tw n succession to the same part, one contact 

1M Lppreciated as pall ind the otnel Ss touch, depending largely 

n whether a pain-spot directly stimulated or not We consequently 

pplyv the algesimeter a certain number of times in close succession 


to the part to be examined, asking the patient to say whether he 
appres ites a prick Ol merely a touch, and take the reply for this series 
f stimulations instead of for each individual one. 


We have found the faradic current an unsatisfactory means of 


measuring sensibility to pain at the higher levels of the nervous 
svstem and have not used it in this research 
Pressure-pati lor the measurement of deep pain we have 
} used the modified Cattell’s aleometer, by which the amount of pressure 
| on a standard area, necessary to evoke discomfort o1 pain, can be 
measured Three or more readings are taken on each part, and the 


results are deduced by comparing the average obtained on the two sides. 


This is the more important as the amount of pressure with this 
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instrument, necessary to cause pain, varies with each observer, and 
although the actual numbers obtained by one may not be identical with 
those of another, a comparison between the results on the normal and 


abnormal side brings out remarkably similar results 


(S) Te Mm pe ratcure 


To examine thermal sensibility we have used silver tubes 1°25 em 
in diameter. These are filled with hot or cold water and the tem 
perature at the moment of testing it is read off on a thermometer 
silver conducts so well that the temperature of the water and of the 
surface of the tube are almost identical 

Kirst of all we determine the threshold for heat and for cold on 
similar parts of the two halves of the body, and consequently the range 
of the neutral zone on the two sides. Occasionally it mav be advisablk 
to make a further series of observations after tl part to be tested 
has been adapted to heat or cold by placing it in water at different 
temperatures, 

Then the power of distinguishing the relative warmth or relativi 


coldness of two tubes, each of which can be recognized as warm 


cold, is estimated and controlled by similar observations on the normal 
side 

Finally, we observe thi ettect olf extreme degrees { heat und « (t 
such as 50° C. and above, or 15° C. and below, and compare the sensa 


tions they evoke on normal and abnormal parts 

Thermal stimuli form a ready method of applying a measurabl 
atfective stimulus ; extreme devrees of heat and cold are uncomfortabl 
or even painful, and warmth is usually distinctly pleasant. ‘To stud) 
this attective component It ts venerally advisable to ipp 
to a larger area than that covered by one of our ordinary silver tubes: 
we have therefore employed for this purpose large glass tubes, measuring 
! cm. in diameter, filled with water at various temperatures 

These tests for thermal sensibility, simple as thev may seem, are 
beset with difticulties and they are liable to lead to erroneous conclusions 
One source of error is the tendency to call all sensations from affected 
parts, evoked during the testing, either hot or cold. Thus, although 
the patient is capable of no thermal appreciation, hot and cold tubes, o1 
even repeated pricking, may be indiscriminately called “ hot.” This 
confusion is particularly liable to occur in cases where a lesion of the 
optic thalamus has led to an over-response to affective stimuli, 


Moreover, it is not always easy to determine the extent of the neutral 








































TS ——————EeEe 
a 


ng eee 


SENSORY DISTURBANCES FROM CEREBRAL LESIONS 205 


zone, as most patients possess no word which expresses a neutral 
sensation. Before we begin testing with this purpose we therefore 
sugvest that the answer shall be ‘ warm touch.” ‘* cold touch,” or 
‘nothing but a touch.” At the same time we compare the sensation 
evoked by the neutral temperature with that of a distinctly warm o1 


cold tubs 


The power of recognizing the posture of any part of the body is 
tested in the usual way by placing a segment of a limb in some 
position and asking the patient to indicate, either by description or by 
mitation with thi vind limb. into what position it has been placed. 
\ second method is to ask him to touch with the normal hand some 
daehinite sp suc! is the tip I thre nae finger ot | ne great toe 
this is a convenient test for knowledge of the position of the limb 

whole, especial {f the faculty of localization is_ intact The 
power to ceed in this test may be influenced by a defect of the 
ns f pos n at al Int of linal 

\s the ability to recognize the position of the limb may be aided 
by the memory of the passive movement by which its present position 
vas reached dvisable in examining cases in which the loss is 
sheht to obviate this actor as far a possible This mav be done 
| keeping the patient's attention diverted from the movement by 
‘conversation or questions, and by allowing the limb to remain in the 
position to be tested for a short time before his attention is directed 


\ measurement of a detect in the ense of P SILTION may be obtained 


by the method introduced by Horsley | 14), but for this purpose it 1s 


vecessary that the opposite limb should be normal Horsley employed 
au glass plate graduated into half-centimetre squares which could be 
placed, screened from the patient’s sight, in any of the three planes of 
space Instead of thi olass plate, we have used a sheet of stiff card- 
board, on one le of which a small de pression 1s made to receive the 


tip of the index-finger of the limb to be tested, while to the other side 
i sheet of white paper can be fastened. This cardboard is placed in 
ny position and the patient is required to bring the normal index- 
finger towards the tip of its fellow which hes on the opposite side ; 
the spot on which it Impinges on the paper is marked by the observer. 
A series of ten successive observations is made in this way The sheet 


of paper can be then removed from the cardboard plate and forms a 
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permanent record of the amount and direction of the error, which when 
it is abnormal can be dependent only on the defective sense of position 


in the limb that remains at rest, if the moving limb is unatfected 
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LO Passive V remeqi 


The power of appreciating passive movement may be rough! 


tested by changing the position of a segment of the limb and 
requiring the patient to indicate when he can appreciate the movement 
and by noting the range necessary in order that its direction should be 
rightly perceived In doubtful cases or where the defect is small it is 
always necessary to carry out control experiments on the PpPosite hit 


| 1 ] ] ] 


In order to measure the anvle through which a movement must 


be made to be appreciated we employ a simpl nstrument (fig. 7 
Which consists of a long narrow plate of brass . lined with cloth, that 
can be strapped on to any part of the limb by bands ttached to 

or held in contact with it by the observe At one end of this plate 


an arm, Which carries an are of a circle with degrees marked on it, is 
attached by a joint (pb) movable in all directions. Two such ares can be 
adapted to our instrument, either of which can be attached at (2); one 
(fe) with a radius of 7°5 ecm. for measuring movements of shorte) 


segments, as those of the fingers, and another (G) with a radius of 





ge — 
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15 cm. for longer segments. The brass plate is applied to the limb in 
such a way that the point (p) lies immediately over the joint at which 
the movement is to be measured, and the are is then brought into the 
plane of the movement that is to be made. The range of movement 
necessary for appreciation can be then easily read off from the scale on 
the are 

We have also occasionally used a modification of the instrument 
designed by Goldscheider | 10) for this purpose 

There are certain sources of error in obtaining such measurements 
In the first place, the patient may reply when he feels the pressure of 
the observer's fingers by which the passive movement is made; but 
this can be easily obviated by grasping the part to be moved so firmly 
on two opposite surfaces that the additional pressure necessary to 
produce the movement cannot be distinguished. The part should be 
erasped between the fingers apphed to the surfaces that lie in the 
plane in which the movement is to be made rather than on the 
surfaces vertical to the plane of movement, for then the dragging 
ind displacement of the soft tissues may enable the patient to reply 
correctly, though he cannot ippreciate the actual movement. 
ie rate of the passive movement may 1n- 
fluence its appreciation To obviate errors from this source we have 
atte mipted to make the movement at a certain uniform rate, and, as 
our measurements have been alwavs considered in relation to those 
obtained from the opposite sound limb, this safeguard is sufficient 

Finally, in a normal limb, a passive movement is appreciated, and 
ts direction is recognized almost simultaneously ; but, when the 
ippreciation 1 passive movement 1s affected by a cerebral lesion, a 
much lara range OL movement may hy required in order that the 
patient may obtain a knowledge of its direction, than that which 
enables him to recognize its occurrence. It is therefore necessary in 


some cases to measure both separately 


|~ The Appree tftion of Weight 


To test the appreciation of weight we have employed circular dises 
of lead 8 cm. in diameter, ranging from 20 grm. to 200 grm. in 
weight. The surface of each disc, which is placed in contact with 
the body, is covered with chamois leather, in order to prevent the 
coldness of the metal affecting the skin. This has the additional 
advantage that when the weights are placed one on the top of the 


other they have less tendency to slip. 
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With these weights we carry out the following series of tests, both 
with the hands fully supported and also when the patient is permitted 
to estimate the relative weight bv “ weighing ’’—i.e., by raising and 
lowering his hands. 

a) With the hand supported, Two weights are placed successively 
on the normal hand, and the patient is asked to say which is_ the 
heavier With weights, of the surface area we use, even the least 
intelligent can recognize the difference between 70 and 100° erm., 
and many can give a series of right answers with SO and LOO grm 
Two weights are found which can be correctly distinguished on the 


normal hand, and they are then employed to test the affected hand 


in the same way. Usually in our cases, if the power of recognizing 
weight was affected, the errors were gross, and in many instances 


no pair of we i@hts eould be found which could be distinguished with 
certaints But, when the faculty of estimating relative weights was 
not completely lost, we were sometimes able to work out a tru 


ditt rence-thre shold ; that is to sav, two Welghts could be | ind bear 


to one another such a relation that one was always said to be 
heavier, While another pair, which dittered to a less degree, could t 
be distinguished At least four observations are alwavs made wit 


each pair of weights. 


Next we test the power of recognizing the increase or decrease « 


weight. For this purpose a thin cork dise of the same diamete 
as the weights is first laid upon the palm To this provressively 
heavier weights are added, and then removed until the cork alon 
rests upon the palm. ‘These weights are not added or removed in 


an unbroken sequence, but irregularly, and the patient is asked t 
indicate Whenever any alteration in weight occurs Thus the complete 


record of a series of observations might read as follows 


First of all the sound hand is tested, and the patient’s normal 
capacity determined; then a similar series of tests Is applied to 
the affected hand When the power of recognizing addition or sub 
traction of weight is lost, the jarring produced by the manipulation 
may be appreciated; this tactile sensation, evoked by the act. of 
removing one: weight from, or adding it to another, is a fruitful sources 
of error, but with care and practice can be reduced to a minimum 


Moreover, hy gently touching the weight which lies on the hand 


] 


without altering it, we can ascertain whether the patient’s replies are 
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lue to recognition of a change in weight, or to the tactile stimulus 
voked by the manipulations of addition or removal 
) Finally, the patient is asked to compare two weights placed one 


on each fully supported hand. 


(b) With the hands unsupported A weight is placed in each hand 


ind the patient is asked to “* weigh” them by raising and lowering his 
hands. Another method is to place a weight in one hand and then 

» substitute another one for it. each weight being raised and lowered 
several times In normal persons the latter method gives the more 
accurate results, but our patients often became so confused on the 


itfected hand by th absence of i normal standard that we have 


isually adopted the first form of this test 

f Ls Ip) G (tio) f Size 
The ability to recognize differences 1n size Pay be tested by placing 
n succession two objects of different size but of the same shape in 
ontact with the part, and asking the patient to distinguish which is the 
irger. By varving the relative e of the objects, a threshold for this 
whi of discrimination can be obtained or this purpose we employ 
reulal pieces f thick leathei nereasing by half a centimetre, from 
lem. to 4 em. in diametet Leather has the advantage that it is rarely 
to the skin, and pieces 4 to 5 mn n thickness are sufficiently 
rigid for the purpose Kach dise provided with a handle on one 

surface | ( t n be manipulated with case 
The appre n of size is n conveniently tested on the palms, 


s there the difference-threshold stall 
The ability to distinguish the head from the point of a pin, when 


latter is applied so gently that it does not prick, depends on the 


——?. 
- 
f 


- 


14 [ppreciation of Shape 


bv shape we mean the two-dimensional contour of an object’ that 

can be recognized on contact with the surface of the body To test 

this faculty we have employed simple shapes, generally a circle, a 
square, a triangle and an oblong, cut out of stiff leather In the set 

we have found most convenient each side of the square, the diamete 

rht of the triangle were all 3°5 em., while 


of the cirele, and the he 


oblong was also of this length and 1°75 em. in breadth. 
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The shape of these objects can be easily distinguished on the normal 
palm when they are applied firmly and evenly, but unhappily they can 
rarely be recognized on most other parts of the body, including the 


soles of the feet. 


(15) Form “an Thre Dimensions 


We employ the word “form” to mean the three-dimensional shape 

of an object, and test the ability to appreciate it by placing objects in 
the patient’s hand and asking him to determine their form by feeling 
them and by moving them about between his fingers. Any ordinary 
object may be employed for this test, but we have found it advisable 
to use in addition standard tests of geometrical form such as a cube, 
a cvlinder, an ellipse (called by the patients “an egg"), a cone and a ) 
pyramid, made in approximately the same bulk from wood. The 
patient is first asked to select his own names for them, or if description 
offers any difficulty he is allowed to point to the object he identifies 
In a duplicate set before him. 

When there is serious paralysis of the fingers, the test-object must 
be moved about by the observer in the patient’s hand; we have found 
this sufficient with the objects we use when the ability to recogniz 
form is not lost. 

In addition to the power of appreciating form, we always test th 
patient's ability to recognize familiar objects placed in his hand wit! 


the eves closed 


(16) [ppreceation of Tea 


Interesting facts may be obtained by testing 
recognize the texture of ordinary stutts by touch For this purpose 
we employ a set of common materials—cealico, flannel, silk, cloth and 
velvet, which the patient is allowed to feel and move about between ' 
his fingers. Those we use can usually be identified with ease by the 


patient's normal hand. 


(17) Dominoes. 


Occasionally, more particularly in cases of cortical lesions, we have 
used dominoes made for the blind with pips raised from the surface 
The patient’s eyes are closed and he attempts to count the nwuber of 


pips by passing his tingers over the surface. 
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LS) I ppreciation of Consistence 


To test th power of recognizing the consistence or hardness of 
ibjects we employ a set of small pieces of rubber tube of the same 
diameter and with a similar surface. Some specimens have thinne 
walls than others, and in order to obtain firmer test-objects some are 
filled with substances of ditferent hardness. They are numbered 
ccording to the resistance they offer to compression, and, when thi 
patient has compressed two in succession between his forefinger and 
thumb, he is asked to say which is the harder, and the results obtained 


from the two hands are « mnpared 
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The “peculiar drawn feeling” that ushered in the attack probably yp 


sisted for a few weeks ; on this point. li nemory is indetinite, but as sens 

tion returned she began to complain of an ~ unpleasant numb feeling na \ 

tingling and “ pins and needles” in the left ind and m, and of numbness it 

the left foot About six months after the onset she began to have sensatiot | 

as if ° something were crawling under the skin” o he atte 3 spec 

on her tace, anda * Seald ne sensatiol ! ( ‘ chee] = . 

the cheek is cold than when it’s warm out the sat ft t 

she has suffered wit dull aching pains in her lett a my} 

in the left leg ! 
Vision, earring, si e| rhea ste ere > a > | 

the attack, but the le! slale i it tt ‘ 

whic rot LIWUaVS S@CIIIS Our! trie Co ! “ 
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CONDITION IN \ 10) 
1+ 
She is il \ } " , . , 
+! ; 
She ols url ecu ‘ | ri ) 


ttention ooud 
S pi / Sri ste 
on the t oO slides | ri < t is r t ( 
] ; 
hornet bu i ni i es p>} s4 sect 


lett ; 
Voto ty The right Limbs are norn eve S 
ind tone of the muscles are eq In the two - \ 
ment of the lett is unrestricted, thou this limb is { t { { 
right: the grasp of the right hand, measured ed et 34 
average of five readings while on the eft it was 23 re : 


limb readily in coarse gene movements. as 
spontaneous movements ana atlanta t is useless t r vt ( } "hers 
are almost CONSTANTLY recvulial vO mesa S tive ‘ finweare 
and frequently, too, of the wrist they often constitut vthmu {1 
but are more usually Wregular oO eve chorellort S ‘ \"¢ 
ment is flexion and extension of the tingers at t 4 
wna extension of the Wrist tliat lduet ol he | itet ( { = 
' 


They persist during the movement of the lini 


tlso of frequent occurrence These movements it SE ¢ tte mt to eT 
the limb. on strong volitional movements of the normal ! nad ey | 



















SENSORY DISTURBANCES FROM CEREBRAL LESIONS 215 





nor, but differ from an ordinary intention-tremor in that the amplitude of 
oscillations Is Greatest when the movement is hex n and decreases towards 
ompletion. She has very little power of restraining the movements In 
on to the tremor there is considerable ataxia of the limb 
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s no ustinge ) ilterat ! n the tone of the muscles of the left 
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er, that te elt « i been tested sti bbed the spot on 
( ( ntacts { ! ie thi it IsSheC \ Sie 
I Ss \ l Lele ( © I oli persisted lor some 
‘ I _ I ‘ 
/ \\ G ) : strument the same threshold foi 
} <T S ! { oO sides ruil when tL stin ul iS mbove the 
s tis em) ved it pews cher on the atfected than on the sound side 
specially o the sole produces ! we violent movement of withdrawal 
s can be evoked satisfactorily from the soles only The left 
\ mue e ticklish t 1 thre ‘ht, and stimulation by drawing the 
“ ( ss prod 3 stro! rous reaction and rapid withdrawal of 
Db, Wi e on the right side t s evokes scarcely any emotional reaction 
iekling ol thre left side is not. howevei ic ually pa nful } unpleasant, 
hav ere s un shortening of the pe iod during Which Vibration can 
precialer rd Live leit hat | eompared Wit the writ wna the vibrations 
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evoke pain, however, are invariably ~ sharper,” more unpleasant and ~ stin 
more’ on the affected than on the normal side, and in many places, especial] 
on the palm and sole produce a mueh greate reaction wit in apparel t] 
uncontrollable tendency to withdraw the part. On testing with the algesimete 
this is found to oeceur with any stimulus above the threshold There is n 
evidence that the pain persists bnormally, or that 1 vaiates ol he spe 
stimulated. 

Pressure-pa As measured with the algomete hye eshold is appro 
mately the same on the two sides, or in places, as on the sole, actually 
lower on the atfected side 

R I 

Pa ( 7 ( 7 

Tibia , Z ys L y 4 2 

~ ) ) ) 4 ~ 
But painful pressure on he tlected side ey es mucl rf ité reactl 
and appears to the patie very ch sore nd more | When sue 
palin is p oduced on the ght sole, t nstane niy slight je of the |e 
oceurs, While on the left sick foot is dorsitlexed jently and e | 
drawn up and her general response denotes intolerabl scon 

Thermal se / \ll degrees of temperature can be mn) \ pp 
ciated on both sides and the thresholds are equal; but extreme temp 
as ice and tubes above 55 C., appear t er colder o er on sil 
evoke stronger reactions 

Sense of p jk ere s Siig loss ! the le l esper \ il 
distal joints, but none can be demonstrated Ce ty in the leg 

Lppre / f pu Vv Ordinary f is Of testin e 
seems to be very little alteratio mn thre ilfected arn ) b\ uring 
ingle of movement necessary for its appreciatio nd the recognition o 
direction a definite defect is reve lec | LO ! far Is ere oly ¢ 
on moving the nilex-ftinge) t s basal it 

R. Index-ting - 
K.xtens Y 
Flex ) 15 
L.. Index-tin ne , - 678 

Lot il io} test lt on the inds s | yund TO te eq lly LCC LL¢ mn 
two sides 

Compasses. The I reshold Is wpprox itel\ ( su e ot tie » Sides 
and she is equally quick and decisive in her replies from the two sides 
perfect series of readings can be obta ned wit 15> em. on the paln Ss al 
with 2 em. on the soles. 

Appreciation of werght, tested by the ailfferent methods we employ, SECECLUS 
ulmost as accurate on one side as on the othe She is less easily able to 
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Pi Icks 
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No diminution of sensibility to pricking can be detected 
nd 


the thresholds are found to be 
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recognize alterations in weights lying on the left than on the right hand, but the 


| constant involuntary movements of the affected hand make this test difficult. 
Lppree ition of 2. The same difference-threshold is obtained for the 
) 
Wo hands 
[ppreciation of shape and forn There is no material difference between 
| the two hands to these tests, though she is a little slower and less certain in 
ecoLenizing differences in Shape on the left than on the right. 
Re tia f) if consistence. She frequently fails to recognize the 
‘lative hardness of two test-objects placed in the left hand, which she ean 
? ly distinguish in the right hand 
Re tion f texture With the left hand she fails to reeognize the 
texture of many of the test-stuffs we placed in it. Silk, for instance, is called 
cotton, velvet was described as woolly or something rough, and cotton as a 
‘ \ olle l teria 
Shree iS remarne under observation as an out patient at the National 
Ilospital since these notes were taken in an unchanged state, excepting that 
she complains m e of th pains in the left side. The observations recorded 
hove ve bee! epeated and verified on many subsequent occasions 
| 
CASE S | f ti / drone here cutan ensib / 
; | } f reedanle / / pai larly heat 
; “ M4 } é j ithe 4 iif / die / af 
Ce S ed 64 Ss nd ed >the National Hospital under the eare 
one of us (G. H n September, 1910. He was well till the attack, that 


produced his symptoms, occurred in February, 1909. While walking he noticed 


Lnbness 1 his left cheek and s left hand, and a few hours later a tingling. 

ike pins and needles,” spread over his left arm and from his shoulder into his 
face: it yas part cularly severe 1 the left side of his tongue Later in the 
dav thet ngling extence lt roughout his lelt side and into his left le is then he 
ad some ditheulty nm W ilking He Was kept awake that night by aw soreness 
and painful tingling in his left arm, which next morning was present over his 
‘le left side He never lost the power of moving the atfeeted limbs, in faet 


their movements were searcely limited, and there was not much diminution of 
mn on this side: “I was able to feel everything, in fact too mueh so” 


] 


but objects he touches have not felt natural since the attack. The pains 
and uncomfortable sensations have persisted more or less unaltered from their 
onset, but they have always been worse in either very hot or very cold weather. 

Hearing and vision were unaffected, but he has found that he cannot taste 


IIness: he noticed this loss of taste the dav after the onset. 


so well since his 
He complains, too, that his mouth has become very dry. Du ing the past yea 
he has oceasionally had a slight tingling pain in his right hand and a “ tingling 


the right leg, but, unlike the parzsthesiz on the left side, these 


numbness” in 
sensations are not constant. 


XANIV 
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CONDITION IN SEPTEMBER, 1910. 

He is a thin, spare man, but fairly well preserved foi Sa 
ure rigid and the pulse tension high, but there is no othe 
disease. He had been wn el einer ind Is) ta ly well “lu l 
and attention are excell nt 

Spe / sé Us Smell Is uli tlected Ile ( mo tast 
eithe: side ol his tongLue 1) a hine can be yore i i eq | 
There has beer for vears Consice Lyle ! ile-¢ tearthess ¢ 
there is no other demonstrable aftectio ( ne Vision 
commencing cataract but t visual fields are nrestricted 

Crania weve | e | ( ms oO ill ] ! tte ‘ eX 
Core ul retl ‘ Is Very mue tl 5 al 

Votor syst The rig limbs are unattected ‘ 
wasting of the small muscles e le und, but otherwis 
limbs are equally developed. The tone o sis 
there are no contractures Che lett a +s 
this is largely due to the fact 1 t strong x ( y 
movements ure also slowe nal re { ny lu l 
not occur, 
two sides, and both plant tlexes give det tle es 

Spontai s Ss tl HH complains nst t 
left hand ind his left toot tha ot s | ] ii¢ 
tongue. "| whole ot e le sick sO Ss 4 | : 
touches it seems unpleasantly cold to him Ile always we 
mand. The whole of this side is also tend ne 
eround, for instance, ~ it feels as ( ( tintacks ( 
ilso Complains oO L puiniul ting G t iwhou S sic 
pain” in the left temple, and occasion . 1) ns” s 
limbs 

Tactili Paes ¥ , wensl ets y . 
on the right and the left sides, and there 1s no s dit 
this stimulus. The same threshold ean be obtained « 

Frey's hairs 

Roughness.—The same threshold is obtained with G 
ment on the two sides, and no over-reaction or expressiot 
evoked from eithel palin or sole 

Ti keling md scrap There Is ho ovel eac ? to ck 
there is very little ditteret ce between the sensations ey ect 
The left side of the body Is, however, more tendel to s« 
right 

Vibration is equally well appreciated on the two sides, a 
no unpleasant sensations on either side 

Sensibility to pain. The left limbs and the whole of t 
hody, including this side of the face and tongue, are ~ more s« 
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SENSORY 1) 


‘ ‘ +] 1 + sal +} * > +] + 1 +] + 
min similai parts o he rigt side, and the reaction thereto and the emotional 
| 1] | 
expression are considerably greate) When a pin is drawn across his chest 
; + + + + ] ++ ] ; + | ] + , + . ; ] 
> roun the rign LO Like ( side he lihnedlacery Coblpiains tha l Is nore JRLInNtul 
, 
| wait it of C1 lll T \s easured Ww thre vesimete t| eis no 
ference ! ( ! shnold ¢ I » SIMCS 
/ ] mete procdue ~ nto ible } nm on n ke I slate 





I > { sed ores oO 
J ] 
i { Ss r esholds ( ! ( 
tot ! ) Cs > ( e thik s adel ral 
it press Ce ) a OCXCOESSIVE CPE n 
if ! s s Is ( ld » Live hl 
‘ 4 1d » if > Vel 1.) ( c 
s desc - ( 1, was Oo li uncl uneor le 
\\ legrees 0 is 38 ( i 
] ] im Yess 7) LI? ) ty + is 
| ( Des . ~ ed tleete i S 
‘ i $ £ ve pleas on ft 
ut - ves ! ! wet pleas eb eS 
( ! s \ { ul Vv his ene L¢ on 


ynsiderable loss the power of recognizing the position of his left limbs, 


CLES¢ ribe 
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right hand, and at the elbow the range of movement must be three to fou 
times as large as on the right side. 


_— , , r 
The power Ol localization, he Conlpass-les 


shape, form and consistence are equal on both sides, and remarkably accurate 


Appreciation of erie, When the hands are supported the appreciation 


ol welght is little different on the two sides: two Welghts placed econsect 
tively on the same hand can be discriminated within about the same limits 
on the two sides. When, however, the hands are unsupported he fails to 
recognize the difference between 50 grm. in the right hand and 200 grn 
the felt. These observations are endered difficult by the tendeney for the 
sensation of weight to die out when the test-object is allowed to lie for any 
time in the affeeted hand 

Thus it would seem that, in this case, the powe Oo! estimating wergeht « 
the unsupported hand was dissociated from the faculty of estimating relative 
pressures when the hands are fully supported 

CASE 9 I ha ‘) 
] / f S ‘i vie t¢ / dle / r / ‘ 
plea Me } Clit ‘The eo i , a / fi 

Peter C.. aged 59, Was a Im tted to the Seumen s Hos) ta Indel the ca 


of one of us (G. H in June, 1911. In December, 1909, he noticed he was 
unusually thirsty and that the amount of urine he passed was greatly increast 
s doctor told him it contained sugar, and put him on a restricted diet 


On March 20, 1910, he went to bed well, but woke in the early mornin 


find that his left limbs were paralysed. He remained several weeks in b 
but was able to walk again in about three months hd | | helore e stro 
he found that his sight was affeeted and he could © searcely see anything o 
the left side.” There was no diplopia 

\t first the left limbs were paralyse i, but, as powe et ned, he notices 
that he had difficulty in controlling their movements: he cannot say exact! 
when the involuntary movements of the left hand beg He thinks { 
numbness, tingling and pains, from which he now suffers on the left side, car 
on immediately after the attack, but the pain Was cert n less i he ¢ ‘ 


stages than it is now 


CONDITION IN JUNE, 1910 


He is i somew! ut old looking mun tol his years With degenera ed ivterie 


and a high-tension pulse. His urine is of high specific gravity, greatly 
increased in amount, and contains much sugar but no albumen He is an 


I 
intelligent, well-educated man and had heen an overseel in his WOrkK, His 
memory is fair and attention good. 

Special senses.—Smell, taste and hearing are unaffected, but there is 
complete left hemianopsia, the blindness reaching up to within three degrees of 


the fixation point. 
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SENSORY DISTURBANCES 
functions of the ceranial nerves are unaffected, 

etlex ol the left side cnunnot be obtained. 
limbs are entirely unaffected. There 
no loss ot voluntary power, but a 


tion there are almost 


, yeu 
h generally take the form of 
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ORIGINAL 





Pressure-pain. As tested with the algometer the threshold-values ar 


approximately the same on the two halves of the body, but the reaction to j 


this stimulus is everywhere greater on the left side than on the right. 

Thermal sensithbility.—There is a slight reduction of sensibility to temperature 
on the left half of the body. Thus temperatures between about 25 C. and 40 C 
ure not appreciated, whilst the neutral zone on the norn al side extends fron 
25° C. to 33° C.; the extremes of temperature produce more disagreeable 
sensations and a greater emotional reaction on the affected side But wher } 


large tubes containing water at 40 C., or slightly above, are applied to the 


affected parts olf the body he Says, ie at’s nice, it’s much more pli want than 


] +] eee NO ’ ] " } } . ] 
on the other side. Even when warm hands are placed on his hands or on his 
feet, he Says that the sensation is different on the two sides: on the affected 

; , 


half of the body © it is more comfortable: it is a real pleasu ( It soothes me 


it gives me the feeling that it must do me good.’ \t the same time his face 


\ 
hts up with a detinite expression of pleasure. 
Sense of position.—The knowledge of the position of the distal joints of th 
left arm and leg is defective, but there is less loss at the proxin il ints 
Appreciation of pus e movement is detective in the left nd as compare 
vith the right : the fingers must be moved through nearly ten times as great 
an angle as Is necessary on the right side before the movement can be ippre \ 
ciated. At the elbow the loss on the left side 1s considerably less in propor- { 
tion: he ean appreciate a movement that Is not more than three times s 


ereat as that necessary on the normal side. 


C OM PUSSES,. The colmMpass-test is gravely flected oO Live tbnormal halt 
ot the body : good rend ws are not obt ed ey e p s 1 
separated to 9 en on the palm, or to 15 em. on the rearm., He is ho 
difficulty, however, in recognizing the two points 1 applied suceessively 

Localization is pertect on both sides. 

Appr dation of size is somewhat defective in the left nat? ! s he tailed 
in every case to recognize the difference between objects wit! dinmeters of 3°45 


and tei., and of 2 and 25 em., altl our he Was UnTOrmly correct onthe iormal 


] ] : —_ + + Jen . 4 r 
side; but as soon as the difference was increased to at between cdlameters ol 


3 and 4 em., or 2 and 3 em., his answers from the atfecte nad ‘ iformly 
. . at + } { ib] + h\t ) st + t | lL] 
correct, t is theretore possibie lO obtain a dcefinite ad hce eshold tk 
the appreciation of size. 

Shape, form, terture and consistence are all badly appreciated when the 
tests are applied to the left hand. 

CASE 10. An instane f the thatamie syd ( ‘led th con plete 

/ 

loss of thermal sensib fy, although hot and ¢ ad Stil produce pleasure a 


Margaret B., aged 65, was seen at the West End Hospital for Nervous 
Diseases in July, 1911, through the kindness ol Di Harry Campbell, i whom 
we are much indebted for the privilege of making the following observa 


tions. Her past health had been good: she married at 28 years of age, but 





had no ehildren. 





has 














SENSORY DISTURBANCES FROM CEREBRAL LESIONS 





In October, 1910, she suddenly found she was unable to hold anything 
in the left hand, and almost immediately fell to the floor unconscious. When 
she regained consciousness some hours later she was unable to move her left 


limbs, and they, together with the left side of her trunk and luce, seemed 


numb: at first it seemed to her that she had completely lost her left arm. 
\bout six weeks later some power of movement returned in the arm, and in 
wo months she was able to walk with a little assistance. Since then she 
as improved gradually ; walking has been her chief trouble, as owing to its 
tenderness she eannot place the left foot properly on the ground. The 


nvolunta y movements ol the left arm began as the power OL movement 


returned: she is aware of them only when she sees them. About two or three 
weeks after the stroke the left-sided pains first appeared, as a gnawing pain in 
the groin: they increased in intensity during the first two or three months ol 


Vision. hearing. smell and taste were not affected, and she has not had any 


sphincte US xunce or atfeetion of speech. Since the attack, however, she 
has noticed that ( mouth is unnaturally dry 
CONDITION IN JULY, 1911. 
\ rather thin, elderly woman She says she has lost much weight during 


] } + + li ; . ] ] ] ~ 
her illness, and attributes it to the pains which disturb her day and night. 


She is telligent, her memory is fair, and she is satisfactorily attentive when 
inde CN il l 

C) al iv The functions of all the cranial nerves are normal: there 
Is no «aitlference between the voluntary or e pressional movements of the two 
sides of the face, ind the tongue Is protruded straight. Che pupils are equal, 
and react well to light and on ccommmodation., The right corneal retlex Is 
bris} bu s Dbsen 

Spe Si ‘ Smell, taste earring and vision are normal, and the visual 
tields e unrestricted 

J syste The right limbs are unaffected. 


sa e muscles of the left forearm and hand are slightly W usted, but the tone 


; 


of the limb is unaltered and there is no t 


tendency to contracture. Movement 
is somewhat limited at the shoulder-joint by arthritic changes, but is otherwise 
unrestricted. Owing to the great loss of sensation it is difficult to estimate 


the actual strengt olf the limb, but there seems to be little, if any, weakness ; 


she is slow, however, in exerting power on this side, and her efforts are not 


well sustained. \ll its movements are ataxic, and there is in addition con- 
siderable intention-tremo) While the arm les on the bed lrequent irregulai 
involuntary movements of its dist il segments oceur. These generally take 


the form of a sudden extension of one or more fingers, or an isolated movement 


aut the wrist, but often a short series of oscillations (tremor) may be observed. 


These involuntary movements can be excited or exaggerated by certain perl- 


, : 
pheral stimuli, even if they do not reach consciousness. 
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There is no definite wasting of the left leg, and the tone of its muscles 
is normal ; there is no rigidity or contractures, and the range of movement 
is unrestricted. The power is almost as good as that of the right limb, but 
its movements are very ataxic. No involuntary movements have been seen 
in the leg. She walks with short shuffling steps as though she were afraid 
to trust her weight on the left limb. 

Retleres.—The arm-jerks are equal and brisk on both sides. The knee- 
and ankle-jerks are slightly greater on the left side, but clonus could not 
be obtained. The abdominal reflexes are absent. The right planta retlex 
is flexor, but stimulation of the left sole provokes such an extensive and 
vigorous movement of the whole limb, and such dislike on the part of the 
patient, that the exact nature of the response cannot be determined; however, 
no typical slow extension of the Sreat toe can be seen. 

Spontaneous sensations.—She gives vivid descriptions of the pain and 
disagreeable sensations she suffers on the left side There is a feeling as if 
boiling water were being pourec down the left arm from the shoulder to the 


elbow, and as if I had a band on the forearm which someone was pulling so 


tight as to hurt me.” There is also a sensation at the back of the left shouldei 
“as if a log of wood were hanging from it.” The hand is numb and feels 


as if little pins were sticking into the fingers.” 

There is also pain in the left eye, “a tight feeling in the face,” and “a 
feeling of fulness in the left ear.” ~ I ean’t lie on the left side of my head 
as it is so sore.’ Pain is always present in the left side of her body, greates 
above the iliac crest: ~ It feels as if you had your nails dug into my side 
and you were hanging with your whole weight on it,” or “as if rats were 
always gnawing at my side.’ Her left thigh from the hip to the knee seems 
painfully tight, and below the knee there is a constant gnawing pain, greatest 
in the heel and the sole of the foot. She eannot lie on the left side as it is so 


+ 


tender, and cannot bear anything cold to touch it. 


Tactile sensihility.—She fails to appreciate cotton-wool contacts on the 


left hand and fingers, and on the hairless parts of the rest of the limb 


If, however, a wisp of wool is rubbed backwards and forwards on the hair-clad 
parts, as on the back of the forearm, an unpleasant sensation is evoked, ~ a 
curious tickling,” which is unquestionably painful, or “a burning feeling as 
if you touched me with something very hot.” Yet, over the same parts, she 
always fails to appreciate cotton-wool when merely pressed on, no mattei 
how firmly. The condition is exactly similar on the left leg, and yet a very 
intense reaction can be evoked by rubbing wool on the sole. She can recognize 
most contacts on the left side of the face unless they are slight, and also on 
this half of her body. Rubbing a wisp of wool on the left chest provokes 
a strong reaction; she winces and afterwards rubs the part with her own 
hand, complaining that “you made it itech.” When a wisp of wool was 
rubbed to and fro on the fingers curious involuntary movements began, yet 
she was conscious neither of the stimulation nor of the movement. This was 


repeatedly verified. 
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Pressure-touch was tested with the pulp of a finger that had about the same 
surface temperature as her own skin. She is unable to recognize firm pressure 
on the whole of the left arm and leg; even when some part of these limbs is 
tirmly grasped she appreciates nothing, provided the pressure is not sufticiently 
great to give discomfort. She is also insensitive to moderate pressure on the 
left side of her face, and even the eyeball can be pressed firmly through the 


upper lid without arousing her consciousness. 


Roughness.—She has lost the ability of appreciating roughness on the left 
side. On testing the palm with Graham-Brown’s instrument it is found 


that, even when the surface is quite smooth, it produces an unpleasant tingling 
sensation; but she cannot distinguish this sensation from that evoked by the 


instrument when the eylinder is projected 10 degrees (0°5 mm). 


Tickling and scraping.—She is naturally extremely ticklish. Drawing the 
tips of the fingers over the right sole tickles her greatly and evokes a strong 
reaction, but not an expression of discomfort, while on the left sole the same 
stimulation is unbearable, and she says: ~ It’s burning; it’s as if you were 
tearing the skin off; it sends pins and needles up the leg as far as the knee.” 


The right palm can be easily tickled, but on the affected hand she cannot bear 
this stimulation it evokes a strong reaction, Lives ua sensation ~ aS if red hot 


needles were being plunged into her,” and starts a pain that spreads up the arm 


is high as the elbow. \ Wisp ol cotton wool rubbed over the pinne is uppre- 
ciated more distinctly on the right, but tickles more and evokes a stronger 
reaction on the left The same holds for the two sides of the chest. Rubbing 


\ Wisp of wool over the left nipple provokes an intense general reaction, but 
if her eyes are closed she has no idea where she has been stimulated. 

She is most intolerant to scraping with the finger-nails on the whole of the 
left side of her body ; it starts a widely spreading and very unpleasant sensation 
of burning. 

Vibration.—She is unable to appreciate even the strongest vibrations of the 
fork anywhere on the left limbs; there is considerable loss of appreciation even 


ul 


over the left malar bone as compared with the right. 


Sensibilil fo pa When the left hand is pricked she replies at once, 
“Oh, that is ten times worse than on the right; it sends a pain right up to my 
elbow.” ~ The prick is not at all the same as on the right; on the left it goes 
ull over my hand, while on the other side it stays in the one place.” ~ It is 
horrible on the left : it is a dreadful burning pain,” Every prick on the 


affected hand provok s an Intense reaction and the patient Is most reluctant to 
submit to it. There is apparently little or no persistence of the sensations 


evok vd. 
Similarly on the left side of the face, of the chest, and on the leg, pricking 


produces an intense reaction and more pain and discomfort than on the right 


side, and the pain spreads widely from the spot stimulated. She has usually 


little or no iden ot the locality ot the spot that is pricked, 
On testing with the algesimeter it is found that the threshold for pain 


wppears to be slightly raised on the affected side. The followin figures 
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represent the lowest values that produced a sensation of pricking with the 


spring-algesimeter. 





K I 
First dorsal interspace. we ; ia 3 erm. 5 grm 
Dorsum of middle-finger.. = at * . a is 
Dorsum of forearm ; 7 ais : } » «# 
Front of chest oe sa oh id , w = ¢ 
Pressure-pain.— The application of the algometer produces a much ~ sore 
sensation on the left side than on the right, and provokes a much greate! 
reaction. Further, the pain develops explosively on the affected side and } 
spreads widely. The following figures represent the threshold-values on corre 
sponding parts of the two sides 
ee 
Palm .. - , : 5 ) 14 
First metacarpal b ° } ee) ae 2$ 3 
Front of shin = ; } } ; i y 7) 
Sol 7 <a an A ode i H } 
Thermal sensih fi. She has lost completely the appreciation of ten pel 





ture on the right side, excepting perhaps on the face. 


evoke no sensation, but the extreme cdlegrees produce pul anc in CXCESSLV¢ 


response which may be called indiscriminately hot oi cold. Thus when a 
tube at 60° C. was applied to the palm she cried out, Oh, | have a pain up 
my arm, it is as if you were pouring boiling water over my arm; it’s like 
wheel running over my wim 24 And when i tube containing ice was applied 
immediately afterwards she reacted similarily and said, ~ [t is just the san 
but not so bad: it is as if vou had turned a fountain of boiling water on at 1 


shoulder.” On the palm, temperature below 25°C. and above 50°) C. produce 


this ciscomfort : those necessary to do so on other parts ol the affected sic 


varied slightly from these degrees. The pain did not usually develop till the 
tube had remained for some time in contact with the sk 
During these tests it Wis observed that while Ol, or low temperatures 


; : 
produced pain and discomfort, mild warmth frequently evoked a reaction o 


pleasure. This aspect ol temperature Was consequently tested, employing 
larger tubes in order to cover a greater surtace ol skin lt was found that 


though the stimuli could not be recognized as thermal, ten peratures bet ween 
38° C. and 43° C. were positively pleasant to the affected side, much more 


so than to the normal side, and that they could evoke a very definite reactior 
of pleasure. Thus, when she was asked to describe the sensations produce 
by 40 C. applied successively to the two sides of her chest she said, ~@ 

that is very nice on the left; it is comforting, I like it’ there It feels 
warmer on the right side, but it is not nearly so soothing, or so pleasant 
13°C. was “ very pleasant” to the left palm, and she seemed reluctant to allow 
the tube to be taken away; while when 41°C. was placed on the sole she 
exclaimed “Oh, that’s nice: I would like it there all day.” She occasionally 
called these pleasurable temperatures warm, but careful testing makes i 


improbable that they evoked any thermal sensation 
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Thus, though there is complete abolition of thermal sensibility, high and 
low degrees of temperature produce on the affected side excessive discomfort 
and an exaggerated reaction, and mild warmth is more pleasant and evokes 
pleasurable sensations on this side 

Sense of posit . There is total loss of knowledge of the position of the 
ett arm and leg: she has not the slightest lea where these limbs lie. 

lppre (fio) f passive i ement is also completely lost in the left arm 
und leg; she does not recognize that anything is happening even on maximal 


, . 
novements of the fingers or hand. 


tested owing to the great loss of 


touch on the affected side, but she seems to have a very imperfect knowledge 


e situation of painful stimul 
Ly) ‘ / of eld is. also completely lost. whether tested on the 
supported or unsupported hand. she cannot recognize any ditference between 
an empty case weighing 5 grm. and the same case containing 500 grm. 
Lie PO) f form is also comple tely abolished in the left hand. 
Owing to the extreme tactile insensibility the compass-test could not be 
carried out, and it was impossible to test size, shape, or terture. 
CASE 11 | mce of ud tote f emotion 
vi die ‘ihe / f f j / / / i% seul il / “wu Tce 
( fa file / 


Mis. A. R., aged 52, has been under the care of one of us (H. H.) for the 
gan to notice tremor of the right arm 
ind the right le Three months later, whilst talking at the telephone, she 


lenly fell: she found she could not move the right limbs, but does not 


k siie lost CONSCIOUSNESS esti remained in bed al week, The loss ol 

1] , | , , ' ’ P 
Powe } issed oft pldiy, but she then discovered she had lost control of the 
limbs of the right side, probably in consequence of the loss of sensation; for 
i that time she found she was not aware of the position of the right limbs 
when she could not see them, as in the dark or when her leg was underneath 
the table For a dav or two after the stroke she had no “feeling” in the 


affected half of the body, but sensation returned rapidly and she then began to 
mn pains throughout this sick The involuntary movements which had 
existed before the stroke returned more vigorously with the recovery ol power. 


Soeech was never affected, there was no diplopia, and the functions of the 


CONDITION IN 1910. 


She is a healthyv-looking, unusually cultivated and intelligent woman. The 
cireul itorv system Is unaffected, the ve ssels are not thickened, arterial tension 
is not raised, and the urine does not contain sugar or albumen. 

Special senses Vision, smell, and taste are unatfected, but hearing is 
slightly diminished on the right side. 


Ordinary sounds, such as the note of a tuning-fork or the sound of a bell, 
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produce no abnormal effect, but all music that is capable of stirring her emotions 
excites the unpleasant sensations in the right half of the body. She has always 
been musical and, up to the time of the stroke, enjoyed good music intensely 

but since the attack all such musie excites the uncomfortable sensations in the 
right half of the body and exaggerates the involuntary movements. The sing- 
ing of a so-ealled comie song leaves her cold, but serious music is so intoler- 


able, owing to the sensations it produces throughout the right side of her 


body, that she is obliged to leave the room (ride p. 135) 
Cranial nerves. The functions of all the cranial nerves are unaffecte Ll: the 


pupils are equal and react well to light and on accommodation. 


Motor system.—The left limbs are normal. The muscles of the right 
limbs are equal in size to those of the left. The tone of the leg is slightly 
greater on the affected side, but there are no contractures. All movements 
are possible, and their range 1s good, excepting those of the toes. The 


strength of movements of the right lower extremity against resistance is 


somewhat less than of the left, dorsiflexion of the foot being especially 
feeble. The grasp ot the right hand is not quite so strong as that of the left 
but there is no paralysis or contracture of the limb. Constant involuntary move- 
ments of the different segments of the right limbs are present, due apparently 
to alternate contractions and relaxations of muscles and their antagonists. 


This tremor, whilst it affeets any one segment of the limb, seems to be fairly 


regular in rate and amplitude, but it frequently spreads from one part to 
another, or may affect several segments at the same time. It is greatly 
increased by voluntary movement or by anything that leaves a segment of 
the limb unsupported. She is unable to control this tremor voluntarily. 

Pe flexes. The tendon-jerks are brisker on the right side than on the left 


but ankle-clonus is not obtained. The plantar retlex on the left foot is of the 


flexor type; there is little doubt but the reflex from the right sole is also normal, 


but any attempt to elicit it from this foot produces so violent «a movement ot 


} 


withdrawal ol the whole ol the leg, and evokes so much disco niort at it 
is difficult to investigate. 


Spontaneous sensations.—She complains of many different abnormal sensa 


tions in the right half of the body. The right hand seems swolle and 
cramped, “as if I had been riding a pulling horse,” and the toes of the right 
foot feel as if they were curled ip underneath. ~The foot seems round na 
not flat on the ground.” As a rule there is no spontaneous pain in the affected 


limbs as long as she lies quietly in bed, but directly she is up and about a dul 


aching pain sets in over the whole of the right half of the body. She also 
complains of a ~ cold stinging feeling” in the right hand, and not infrequently 
in the right foot. She objects intensely to anyone sitting to her right side, for 
she then begins to suffer from the same disagreeable sensations in this half 


of her body that are evoked by contact. When one of us placed himself to her 
] 


right without touching her she complained of a “ soreness all down the side, 
as if you were pulling a dressing from a wound.” ‘This ceased entirely when 


the observer moved to her left. This phenomenon seems to be not uncommon 


in this class of cases and we have met with it in two other instances. 
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SENSORY DISTURBANCES CEREBRAL LESIONS 
Tactile sensibility.—She recognizes cotton-wool contacts on both hairless 
and hair-elad parts ol both halves of the body, but says there is a considerable 
difference between the sensations evoked on the two sides: “On the left it 
is quite cdistinet, but on the right it is as if you touched me more lightly.” 
\ threshold is obtainable on the right hand with a hair of 70 germ. mimn.”, 
whilst on the left she had no difficulty in appreciating every contact with a 
hair of 14 grm./mm.” On the affected side, however, the records of serial 
contacts tend to be confused by the persistence of sensation. 
Roughness.—As measured by Graham-Brown’s instrument, the same amount 
of protrusion is required to produce a sensation of roughness on the two halves 
of the body, but when the same stimulus is compared over similar parts she 


says It is harder and rougher on the left side, but more uncomfortable and 


scratching on the right side.” 

Tickling and seraping. When a Wisp of cotton-wool is lightly brushed 
across the left ear she smiles and says it is “ quite pleasant,’ but when the 
right ear is treated in the same manner she withdraws and raises her hand to 
brush the stimulus away, saying it produces a ~ harsh and very unpleasant 
feeling which seems to open up the soreness of the side.” When the left sole 
is stroked with the pulp of the fingers she smiles and does not withdraw her 
foot, but on the right even the slightest touch produces an intense reaction and 
she complains that the sensation is extremely unpleasant. 

Vvhration is appreciated on both halves of the body, but is shortened, and 

ie fork appears to he beating more slowly on the affected limbs. 

S sil f to pain, Pricks are not so distinet’”’ on the right as on the left 
half of the body, and the threshold is slightly raised; but a much greater 
reaction is evoked from the whole of the affected than from the normal side. 
\ measured prick of the same strength “is not so sharp, but is far more 
unpleasant on the right side than on the left.” 

Pa ti pressure The reaction to the painful aspect Ol pressure is so 
intense on the right side that it is scarcely p yssible to measure sensibility to this 
stimulus. Thus, on the normal palm 5 kg. of pressure are necessary to evoke 
discomfort, whilst on the affected hand even half a kilogramme produces an 
intolerable sensation. 

Thermal sensibility.—There is no defect of sensibility to temperature, and 
the thresholds for heat and cold are identical on the two sides. Moreover, 
there is no exaggerated response to extremes of heat and cold on the 
atteeted side. 

Sense of position is gravely defective in the right limbs; she fails to describe 
or imitate correctly any position into which the right arm or leg may be 
placed. 

Appreciation of passive movements is equally defective. She can, however 
recognize a passive movement and its direction if the range is sufficiently great, 
but no movement of the upper limb is appreciated until it has reached at 


least tive times that necessary on the normal side. 
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R. I 
, Flexion 22 25 27 $5 1 
Index finger : = 
Extension 20 20 25 83 3 
Flexion 17 16 20 3 32 
Elbow . 
Extension 12 15 15 2 3 2 
Localization. Almost as good results were obtained on the right as on the 


normal half of the body with the usual tests, but she is somewhat slower. and 
herself recognizes that she was less certain on the affected side. 

Cc INPUSSES, Sensibility to this test is considerably affected on the I'l 
half of the body: for instance, on the hand a record with the points 6 en 
apart is defective, while 15 em. gives a perfect reading on the left) pah 
She is, however, able to appreciate the two points when applied successively 
This defeet cannot be due to loss of tactile sensibility, for in two long series 


of observations she made the same number of errors with the blunt-pointed 


compasses as When sharp points, which pricked her, were employed. 


Appreciation of size is seriously defective, but she is able to appreciate the 
relative size of two objeets when they difter by something ver twice the 
amount necessary on the normal side. 

Appreciati 7 f shape a / form. Althoug 1 she made no mistakes with ou ‘ 
test-objects on the normal side, she WilS frequently wrong on the atfeeted hana: [ 
she SUVs, . have an idea ol the shape, but | wm not certain, She Can ) 
recognize Many common objects, such as a pencil, scissors, a watch, a knife 


and a key 


i 

CASE 12. lr anstance Of the thatan S tj ile 
produced great distress and ich increased ti } ( 
atiected side. 

Frederick W.. aged 65, was admitted into the London Hospital ie 
the care of one of us (H. H.) in May, 1911. He was an envine-titter. and 
was perfectly well until April 15, 1910.) On that day, as he knelt down to ‘ 
tie some heavy objects on to his barrow, he became dizzy and. lost col 
sciousness He remained unconscious for two or three davs wit complete 
left hemiplegia Movement of the left arm and leg gradually returned 
about a month after the stroke the involuntary movements appeared and fron 


] 


this time increased steadily in violence. Since he regained consciousness he 


; 
| 


has constantly complained that noises were peculiarly unpleasant to him, and a 
the same time he found that he could not hear so well with the left ear: this 
seems to have followed directly on the stroke. Vision was not affected and 
there Was ho diplopia at any time. There was ho disturbance of smell oi taste 

The pains which are now so prominent a feature of his case Came on 


about three or four weeks after the stroke, and have since then inereased in 


severity. 
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CONDITION IN MAy, 1911. 


He is a worn-looking old man with thickened vessels and somewhat raised 
arterial tension. Otherwise there is no visceral disease. The urine contains 
no albumen or sugar. He is fairly intelligent, and as long as he is not 
exposed to noise is quiet and attentive. 

‘here is no aphasia or apraxia, but when he is excited he shows a 
curious difficulty in expressing what he wants to say. He stammers and 


can seareely utter a word; at the same time the left arm is thrown into 


violent movement If he is allowed to remain quiet for a time these move- 
ments subside and he can then enunciate all his. words perfectly. 

Special senses Smell, taste and vision are unaffected. On the other 
hand, hearing shows the following changes: Hf a tuning-fork is held near 


either ear. Wl Ist newwsinan absolutely quiet room, he listens ior a lew seconds 


calmly and then becomes more and more agitated: his face shows obvious 


signs of discomfort and the involuntary movements of the affeeted arm become 


“athy inereased. or they mav be started by the sound of the fork. It is 


difficult to be certain that the tuning-fork is a more potent cause ol discomfort 


inal exaggerated movement ot the affected arm when placed near the one or 
he other ear, but ou impression after several examinations is that it is easier 
» produce these etfeets from the left ear. Moreover, he is certain that he 
dislikes tl fork more when it is approached to the left ear than to the right. 


Music, of which he used to be unusually fond, is now intensely disagreeable ; 


even favourite tunes “now work me up till | can’t bear them,” and excite the 
nvoluntary movements to great violence and amplitude. On the day he 

ivelled to London the noise of the railway was so intolerable to him that he 
ittempted to throw himself out of the train. No musical sounds are now 
‘ ipable ol giving ] LSUl'e 


On examination it is found that whispering and the watch are equally well 


heard in the two ears, and there s no gross ditference between the appreciation 
rr 4 ‘ ] + 

of the various tuning-forks. The right meatus is narrow and the left more so: 

nl hehtly vrey nd thickened. but there therwise t} “ 

he membranes are slightiv grev and thickened, but there Is olhnerwist nothing 

tbnormal Thus, though there was a history of deafness’ after the stroke, 
! loss of hearing can be now demonstrated in the left ear. 

Cranial nerve The ocular movements are unaffected and the pupils 

eact well The right corneal reflex is brisk, but the left is abolished. he 

+) ; +] atioant ot ret ha left hal ] 

isseters contract equ the patent Is at rest the lelt all ot the 

. : . . 

face Is somewhat mo than the right, and the nasolabial fold is 





deepened: the two sides move, however, equally in strong voluntary move 


ment. but in speech irregular overaction of the whole of the left half of 


the face oecurs, including even the muscles of the forehead. These irregular 
movements are particularly liable to appear under all conditions that provoke 
or exaggerate those of the left arm. The movements of the palate and tongue 


I 


we unaffected, but occasionally spontaneous movements are seen in the left 


half of the tongue 
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Motor system.—The right limbs are unaffected. The muscles of the - left 
limbs are not wasted, their tone is normal and there is no rigidity or con- 
tracture. The strength of the arm is excellent; any apparent weakness is 
due to the gross ataxia. As he lies quietly in bed the left hand and forearm 
are usually in constant irregular movement; the movements resemble those 
of a child that is fidgety, or of a man who is ill at ease when speaking. But, 
when he is excited by noises or emotional causes, they increase and become 
almost flail-like ; the arm swings around, dashes against his bed or his body 
with astonishing violence, and the leg is similarly agitated, though the ampli- 
tude of its movements is less. These movements disappear in sleep, and when 
he wakes his limbs are at rest. In addition, all voluntary movements of these 
limbs are extremely ataxic. His gait varies with the vehemence of the involun 
tary movements of the left leg; when they are slight he can walk without 
difficulty in spite of the obvious ataxia of the leg, but when the movements 
are excited they often become so violent as to prevent him walking 

Refleres.—All deep retlexes are brisk but equal on the two sides. Both 
plantars give flexor responses, and the abdominal reflexes are equal on the 
two sides. 

Spontaneous sensations. He complains of constant pains over the whole 


of the left half of the body, sometimes stationary in the neighbourhood of the 





great joints, sometimes shooting through a limb or over the whole side. They 
are liable to be evoked by peripheral stimuli that cause discomfort. He also 
complains of a “numbness ” down the left half of the body, “as if it had beet 
hurt and bandaged up.” The left side and this half of the face seem to hin 
to be putfed and swollen, and there is a ~ cold feeling” round the left eye. It 
he lies on the left side it seems as if he were “on a hard lump.” 

Tactile sensibility.—There is complete loss of sensibility to contaets wit! 
cotton-wool on the left arm, left leg and this half of the trunk, but he ocea- 
sionally responds to wool rubbed over the left ear and forehead. Pressure 
touch is also gravely diminished. 

Roughness.—He appreciates roughness, as tested with Graham-Brown’'s 
instrument, within normal limits on the right half of the body, but even when 
the protrusion is five times this amount he fails to recognize the scraping ol 
the instrument on the left side. Under these conditions he merely says, 
“ Something is happening to me, but I don’t know if you are doing anything.”’ 

Tickling and scraping.—Although cotton-wool may not be appreciated 
over the left lower limh, a Wisp repeatedly rubbed over the sole produces i 
sensation of painful “tingling all up the leg.””. When the pulps of the fingers 
are gently drawn over the right sole he smiles but remains still, but when the 
same stimulus is applied to the left sole his face shows obvious discomfort 
and he says, Youare tickling me, but it does not seem any place in particular ; 
it is a crawling feeling which affects me all up the side.” When the left sole 
is scraped with the finger-nails he shows signs of distress and says, “I don’t 
know what you are doing, but it affects me all up the side.’ Both tickling 


and scraping excite and exaggerate the involuntary movements. 
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Vibration.—The appreciation of vibration is totally lost on the left limbs 
and on the left half of the trunk, and no unpleasant sensations are provoked 
by the application of the strongly vibrating fork. 

Sensibility to pain.—He generally fails to appreciate moderate single pricks 
on the left upper limb, but when pricked more firmly, or several times in 
succession, he reacts vigorously, describes the sensation as ~ something burn- 
ing,” or a sharp, fiery prick,”’ and says it is much more painful than on the 
opposite side. On the chest he replies more frequently to a single light prick, 
ind there is extreme over-reaction to the point of a pin when, being dragged 
from right to left, it crosses the middle line. The threshold to prick is evidently 
raised on the left side of the face and on the left leg, but a series of pricks 
produce the same uncomfortable burning sensations as on the affected arm. 
Pricks on the left side are also “more uncomfortable because they affect me 
ill over.” He has no idea of the situation of the pricks; whether on the 
elbow or on the back of the hand, they are equally referred to the palm. He 
also confuses a series of pricks on the shin with the effect produced by tickling 
the left sole with the pulp of the fingers; not only does he confuse the locality 
of the sensation, but he has no idea of the different nature of the stimuli. 

Measurements with the algesimeter also show that the threshold is greatly 
raised on the whole left half of the body, excepting the left sole. Here the 
same strength of stimulus evokes pain as on the right sole, but the reaction is 
invariably greater. 

Pressure-pau The pressure necessary to evoke pain is uniformly higher 
over the left than on the normal half of the body, but the pain evoked is 
excessive. Thus, over the normal sole he complained of pain with a pressure 
of 3 kg., and at 5 kg. the signs of distress were considerable; but 
on the left sole no pain was produced until the pressure had reached at 
least 5 kg., and yet he complained that this stimulus was much more 
uncomfortable on the left than on the right sole. 

Thermal sensibility.—All appreciation of temperature is abolished on the 
left half of the body. lee produces an uncomfortable sensation over the 
affected parts, which he describes “as if something pricked me and made me 
jump,” and the reaction is greater than from the normal side. No temperature 
between 10° C. and 50° C. produces any reaction. 

Sense of position and of passive movement.— He is totally unable to 
recognize the posture or passive movements of the left limbs, and makes no 
attempt to say in what direction they are moved. 

Localization He has lost the power of recognizing the locality of all 
stimuli, including prick and painful pressure. He can generally recognize in 
which limb pain is evoked, but has no idea what part of the limb the stimulus 
affects. 

Compasses cannot be tested owing to the gross loss of tactile sensibility. 

A ppreciatu 7 f weight. He is unable to appreciate W ‘ight in the left 
hand and cannot even recognize the difference between 30 and 700 grm., 
whether the hand is supported or not. 
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Visceral sensibility 


squeeze the left.” 


aligometel were greatly 


+ 


irregular movements 


to pressure than the ri; 


5 


} 





he Says, ~ It feels sharpest on the right, but I would rather you di 


CASE 13. An instance 


was ertreme and the titresi fs for all pain 


ad 
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The power of appreciating form is also abolished in the left hand. 


There is no doubt that the left testicle is less sensitive 


t strong 


it, but when pain is evoked by squeezing 1 


i] ; j 
/ hie Tiiad / dé ‘ itd dilé Aleae hie 


Sead. 


Thomas G., aged 43, was admitted to the National Hospital, under the e 


of Dr. Turner, in August, 1910. On May 4, 1907, whilst at work,” a1 bness 


appeared in the right foot and gradually spread up the right half of the bo« 
During the next half-hour he found his right arm and leg became weak 
his speech was affected. He was taken to a Ospil ana rema 

bed for nearly seven weeks Speech returned rapidly, and the loss 

in the limbs vradually passed oll About eight onths «atte t s st 

right limbs began to shake the involuntary move ents |! ve lw S 
worse in the arm. T stroke produced immediate loss sens 

right half of the body but the pains and the tingling did not set in till s 
months later. The special senses were not affected | strol 


CONDITION IN SEPTEMBER, LOLO 


He is thin and premature. ied 5 | essels ( el 
tortuous, but the pulse-te nsion is not used, | e is of low specific \ 
and contains no albumen or sugai 

He is illiterate, but answers well to direct tests oh hi = 
easily, his memory is ull | Snow ho ¢ ten ( ( ) ~ ( 

ol apraxia. 

Special SCUSCS, Smell iste hie gf and Vision ! cted 
that the right corneal retl ~ ( d nished 

Mi for syustev The le | mibs are inatect« | $ { ( re 
of tone in the muscles of the ht limbs and slig l , " 
movement is not restricted | ( ire no eontrae S | sti 
movements is remarkably good, and there is little difference bet 
limbs of the two sides; even isolated mov its oO ‘ fing can | 
easily performed, but mo slowly and awkwardly 1 oN ‘ . \ 
movements ol the wiht ill ss rt WEVE vers ( id Ce } 1 | 
a definite intention 

But in addition limbs of e rig | Lec ; ee 
ments, which usuall ( ; 
amplitude and rat en s most evid 
limbs, but is present en e should 1 hi Oceas 1] ; 
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are increased on any attempt at voluntary movement. He walks fairly well 
but holds the right leg rigid, and its movements are poorly directed and 
co-ordinated. 

Reflexes.—All the tendon-jerks are increased on the right side as compared 
with the left, and ankle-clonus can be obtained, but both plantar reflexes give 
tlexor responses. The abdominal and cremasteric reflexes are obtained on the 
left side but abolished on the right 

Spontaneous sensations—He complains of pains throughout the whole of 


he right half of the body, which are not only constant but are subject to 


tense exacerbations which last from three to four hours. These are par- 
ticularly severe the face and at the back of the eve He also sulfers trom 
pins and needles in the right hand and the right foot, which arise without 
DHVIOUS cause. The right arm seems ~ numb” as nigh as the elbow, and the 
ont le cup » the knee 


Tuct senstbilit Over the whole of the right half of the body and the 





Ch limbs there s considerable d inution of tactile sensibility. Even when 
cotton-wool is rubbed cross the part his answers are irregulai and he often 
fails entirely to appreciate the stimulus Sensibility to pressure-touch is 
lso mn ch dimtt s ed 
7 ) .—On tickling the sole of the left foot a strong 
action is obtained, but the sensation is not unpleasant: but from the right 
le the sensation is distinctly unpleasant, as if your nails were digging into 
vy tlesh,”” and th vements which constitute the reaction are more extensive 
nd violent than those which oce on the normal side. There is a similai 
difference on gently tickling the two palin s lt these parts ure scraped the 
difference 1s evi e pi ounced 


Wihrat He cannot appreciate vibration on the upper limb, and the 


rk is greatly diminished on the right half of 





e cl est and Lhe ht le a nd foot No unpleasant sensations are evoked by 
} Ss sti yulus 

S, bility to pau Sensibility to prick is greatly diminished on the whole 
the right half of the body: on the upper extremity he fails to appreciate 
nany strong pricks While 2 ¢ m., as measured with the algesimeter, evoked 
sensation of pricking on the left hand, 22 grm. was the minimum pressure 
that could evoke pain on the 1 olit Moreover, he always asserts that a& pin 
p eks him more, and is more paint il, on normal than abnormal parts, but at 
e same time the r ction evoked is considerably greater from the abnormal 
side. The unpleas int sensations spread widely on the affected parts On the 
lee. however, where the loss of sensation is less, the pain and discomfort. as 

ll as e ct re grea e abnormal sid 
Pressure-pa The readings of the pressure-algometer are higher on the 
hody 1 1 the left, except on the sole of the foot ; here half 
pressure r lon the left side produces pain on the right, and he objects 


/ y) On the whole of the left half of the body. except the 
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face, sensibility to temperature is completely abolished. Ice, and water at 
60 C., cannot be distinguished, but both evoke paintul or more uncomfortable 
sensations than on the normal half of the body. 

Sense of position and the apprectatio) of passive W ‘ement are completely 
abolished in the right limbs; thus even a movement of 90) at the right elbow 
fails entirely to produce any sensation. 

Localization, the compasses and the appreciation of size and shape cannot 
be tested owing to the gross loss of seusibility. 

He fails to recognize any of the ordinary test-objects for form; and on 
testing for the appreciation of weight it is tound that he eannot recognize eve 
200 grm. placed in the right hand. 

Visceral sensibility.—On compressing the testicles gently, not only does he 
say that it is more painful on the abnormal side (right), but the expression ot 


{ 


discomfort and the reaction are excessive compared with that from the let 


‘ . ah 1] j j 4] 
( ASE 14. To Miustiral hie consequences of reinu as / po} ofr hi, 
: 7 } r j ; 
corter in the region corresponding to the motor centre foi ile tj (pied Fle 


Reginald H. This is the patient from whom Sir Victor Horsley removed 


ua portion of the precentral gyrus in March, 1908, at the age of 14. He 
formed the basis of the Linacre Lecture 13, in 1909. Owing to the 
kindness of Sir Victor Horsley, to whom we are much indebted, we have been 
able to examine this patient from time to time between April, 1908, and the 
present date (1911). Our most complete observations were made between 
October, 1909, and October, 1910. 

For the nature of the operation and the structure of the tissue removed we 
must refer to Sir Victor Horsley’s account; but, roughly speaking, the pa 
removed contained the foci from which movements of the left upper limb 


could be excited by electrical stimulation at the time of the operation. It 
l 


consisted of a portion of the precentral gyrus, 45 em. in vertical extent, with 
its middle point somewhat above the genu of the fissure of Rolando. In this 


account we shall summarize his condition subsequent to October, 1909, for 
since that date the signs and symptoms have shown no material change 

He is an extremely intelligent youth, a good witness, and willingly submits 
to prolonged eXamination. 

Special senses. —Smell, taste, hearing and vision are unaffected. 

Cranial nerves. The funetions ofl all the cranial nerves are carried out 
normally - the movements of the face are svmmetrical ind the tongue Is pro- 
truded straight 

Motor system.—T 


is slightly less than that of the right, and their tone is distinetly increased 


e bulk of the muscles of the left forearm and hand 





The limb is rigid, but there are no organic contractures. Volunt iy power 1s 


considerably diminished in the left arm, more pa ticularly in the fingers, but 


at the shoulder and elbow the movements are of fair strength and good range 
He walks normally and can even play lawn-tennis; there is no difference 
between the strength or the tone of the muscles of the lower extremities 
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Retlexes.—The arm-jerks are exaggerated on the left side, but the knee- 
und ankle-jerks ave equal, and both plantar reflexes give flexor responses. 
S/ ue itions.—He complains of no spontaneous’ sensations, 
except that wv the arm is cold it “* feels numb.” 
Normal hand (R.) Affected hand (L.) 
21 grm. /mm HIIIPOUNTT 
21 grm. /mm* OUMIIIIIIOUI 
23 grm./min HILL OO 
95. om. /am NTT TTT ETT EE 
70 grin. /mm LEPETEdUTTEE 
100 grim. /man LITUTTTITTTTILOF 
23 grin. /mm OUMIONONOOTL:I 
35 grin. /mm HIPIEIEEEEEELELLO 
7Oqrm./mm HEVTEEEE TEE TTTT 
23 grm./mm OOMINOWINOLO 
21 grin. ‘mm PELEEVUUEEDETUE 
21 grim. /mm TEETETEEDEEEEE 
23 grm./mm TLEEEETTTEUTEET 
35 grin. /mm PEPE TEUTTUEEEET 
70 grim. /mm PETTEEUEEE 
100 grm./mm TEPTTEEETTTETETE 
I ds obtained in Case 14 when the hands were stimulated 
n Fr different strengths. On the affected side a threshold could be 
a | records were disturbed by hallucinations and other irregularities. His 
t \ hand were emarkably Nistant 
Ta On the normal hand and on both feet a pertect series 
of answers can be obtained with a hair of 21 grm./mm but on the affected 
hand the answers e slower and less constant, the sensation of contact tends 
to persis ( emoval of the stimulus, and hallucinations frequently 
disturb the ecoras It is possible, however, with care to obtain evidence 
yt det ri eshold 
Re ie appreciated equally on the two sides, and 
leasurement gives the same threshold for both on the two upper extremities. 


and the pressu 
on the two up} 


the two sides t 


crapping are equally appreciated on the two hands and 


(an. Careful measurements with both the pl ick-algesimetet 
e-algometer fail to reveal any difference of threshold foi pain 
er limbs, or elsewhere on the body. Further, the reaction of 


» painful stimuli is identical. 
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Thermal sensibility.—There is no demonstrable alteration of sensibility to 
temperature, and the thresholds for heat and cold are identical on the two 
hands: thus, on one oceasion the neutral zone lay between 28 C. and 30 C 


on both palms and the palmar aspects of the fingers. There is no abnormal 





reaction on either side to the extreme degrees of temperature 


Seise of positi mw. The power of recognizing the position in space ol the 
left arm, and especially of its distal segments, is gravely defective Thus 


il it is placed in any position », When his eves are closed, he has difficulty 
finding the index-finger, and even if he succeeds in striking some other portio 


of the ha 


+] } ‘ 


such as the middle finger, he cannot immediately cdiscovei 





index-tinger from its relative position Examination with Horsley’s plate 


demonstrates this defeet very clearly. He visualizes strongly and obtains a 
ee ; : , } : } +] ¢ 
clear mental picture ol both hands. When his eves are closed this mental 
‘eture of hi ee a See ; 14 oa 2 ee 
picture of his normal hand alters with movement of any part o > thus, 
if the index is flexed he sees the finger in its new position. But unde 
the same conditions no amount ol passive ve ent ters the ment 
picture of the left hand: consequently he refers any sensation evoked on 
hand, after its situation has been altered, into its old posith Spite 
instance, he was asked to lav his hand on the table fter his eves we 
closed the elbow was flexed passively to a right angle | when it id b 
supported in this position for some time various stin were applied to 
= . scot +] ] | +] + ] + 
In his visual picture the hand s iy on the table, and, when asked to poir 
with his sound index-finger to t spot stimulated, it was in s dire 
he first attempted to tind 
| + ] } | ; 4 
He has a pel ee? KnowiledLe ol the position ) e@ Vil us secn ts ol 
le { | wer lin ih 
Lppre f i \ the S 
left upper extremity below ) pu peal l hnvers 
the lei nana, 
N (R.) \ 
( Flexion a 2 3 ] } ) 0 
Index-finger 
( Exter nigzg2s 2 2 ( 0 60 ) 60 
Flex 14 0 3 i 
Elbo = 
{ Ext 3 3 2 ) { 
These b g g] i | 
ciated \ n beal i 





spot on the affected hand he can rarely tind it on the first att pt, but he ea 
deseribe without difficulty th sition of the spot that is touched t is 
obvious therefore, th it the errors he hi uke Ss Will ne vropine me thod are ad 
to his unt of knowledg Olt the pos ! ) limb oa ctive 
powet oO localization. This is contirmed by observations made with both t 
original and the modified Henr 1ethods, for the results obtained by both 


as accurate on the affected as on the normal hand. 


Conipusses,. Che power ol discriminating two points is \ VY deliective on 
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as the limb is ascended. Thus on 
he obtained with the points lS em. 
be obtained even when they are 
with the 


eaurm the record is perfect 


ft side a threshold cannot be obtained 
differ nee is conside - 


on the right side 


a perfect reading can 


nts 10 en apart On the upper part 
vo sides is even smaller, and ovei 
identical on the two sides Step by 
e slowness and uncertainty 

he sted « e hvpochondriut 
No differen to this test 

] + 
| ¢ ‘ s I) nec POM ¢ © O 
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The power of appreciating size, shape, form in three dimensions, consistence 
and texture is lost in the left hand, and he complains that the test-objects do 
not seem to have shape or form. On the normal hand his power of recogniz- 


ing these tests is remarkably good. 


1 : - = . . , - 
( ASE 108. To illustrate the ettect upon sensation produced ¢ ren “al of 


, , , 
portion of the cortex in the right parietal region. 


George M., aged 48, formerly a foreman on a railway, is at present 
an out-patient under the care of one of us (G. H.) at the National Hospital. 


In August, 1905, he was admitted to hospital under the care of the late 
} 


Dr. Beevor with the symptoms of an intracranial tumou In May of that 


year he first had an attack of left-sided convulsions, which began in the 
hand and later atfeeted the leg and this side of his face the Convulsions were 
preceded by numbness of the hand. This seizure was followed by others 
which seemed to have been exactly similar, and to have recurred at diminis 
ing intervals. He suffered from a little headache on the right side ot Is head, 
but did not vomit. 

On admission to hospital slight optie neuritis was present in both eyes, but 


no othe y abnormal signs co ild he found except a slig] t dimin ition Ot sé sation 


on the left hand and forearm, affecting chiefly the sense of position, wi 

~ astereognosis.” The reflexes at that time were normal \s the optic 
neuritis increased, and some weakness of the left arm developed, he was 
operated on by Sir Victor Horsley on October 31, 1905, and a large gumima 
attached to the dura mater was removed, with a part of the subjacent bra 

tissue to the depth of 2 em., from over the right inferior parietal lobe: it 
probably involved the lower half of the postcentral gyrus and a part of the 


supramarginal convolution, and at its inferior angle it extended frontalwards 
over the fissure of Rolando. The tissue removed was almost circular and 
measured 6 cm. in diameter. This description of the site of the operative 
lesion can be confirmed at the present time by careful measurements of the 
trephine opening in the skull. 

For a time after the operation there was considerable weakness of the 
left arm, reaching complete paralysis in the hand, and muel list hanee 


of sensation, especially of the sense of position, in this lml 


. There was 
also complete left hemianopsia. The paralysis and the sensory disturbances 
diminished considerably, and in the following description we shall summarize 
the observations made on his state between October, 1910, and the present 


time. 
CONDITION IN 1910 TO 1911. 


Since the operation he has suffered at rare intervals from slight left-sided 
epileptiform convulsions, for which he remains under treatment. In making 


the following observations we have been careful to avoid periods in whieh 


there was a risk of confusion from postepileptic phenomena. 
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He is an intelligent man, and is now actively engaged in selling news- 
papers. His memory and attention are good, and he submits willingly to 
protracted examination. Speech is not affected, and there is no apraxia. 
Smell, hearing, and taste are unaffected, and at present the visual fields are 
not contracted. 

Cranial nerve The functions of the cranial nerves are unaffected, except 
he volitional movements of the left angle of the mouth are a little slower 


and weaker than on the right, and that the tongue is protruded slightly to 


thre let 
Motor syste The right limbs are in every respect unaffected. There is a 
slight a neral wast ¢ of the muscles of the left hand and forearm, but other- 
wise those of the two sides are equ il » bulk. The tone of the muscles of the 
m. and to a less extent of those ol the leg, is increased, and the rigidity ol 
! limbs offers considerable resistance to passive movement: there is also 
tendeney to cont ctures, espec illy in the arm, but the range ol voluntary 
ovement is fair. The strength of all the arm-movements is diminished, but 
the leg is almost s strong as its fellow; the movements are awkward and 
slow, but not detinitely ataxic. No involuntary movements occur. Gait is 
most natural, but he drags the left foot when it is cold and numb 
Retleres The | m-jerks are exaggerated, and the left knee-jerk is a 
little brisker than the right Ankle-clonus cannot be obtained, and both plantai 
etl es £1\ tle XOr responses 
Spontan fions.—He complains of a numbness or ~ a sleepy 


eeling ’ in the left | und, especially in the fingers; here it is constant but 
ries 1n Intensit\ There is also some numbness of the left leg, chietly over 


he foot. When he wakes at night he does not know the position of the left 


arm until he touches it or moves it about. He has no visual memory, and 
when he closes s eves he sees no mental picture of eithe hand, 
Tactil ‘ / aiB He ecunnot appreciate cotton-wool touches with cer- 


tainty on the hairless parts of the left hand, and even on the hair-elad parts 


1uny stimuli evoke no response. This diminution of sensibility grows less 





towards the proxi il portions of the limb, but he states that over the whole 
left upper extremity sensations of contact are ~ duller”’ than over similar parts 
of the right side On the right hand a hair of 21 erin. mm, 1s obviously above 
the threshold, and 23 grm./mm. gives perfect readings ; but on the left hand his 

we . lar and tend to be disturbed by hallucinations and persist- 
inswers are lrregular and tend to be adisturber V hallucinations and persist 
ence. Moreover, although he can appreciate 21 grm. mm. on the affected hand, 


increasing the strength of the stimulus makes no constant improvement in the 
proportion ot correct answers | fe p. 242 
Even the application of 32 grm. on a dise 3 mm. could not evoke a pertect 


series of replies, although he was sensitive to the contact of the same instru- 
ment weighted with 2 grm. (vide p. 150). Thus it is obvious that in this case 
i tactile threshold cannot be obtained to measurable stimuli. 
Roughness.—The threshold obtained with Graham-Brown’s instrument is 
, ' 


identical on the two hands, and there is no difference in the reactions 


evoked. 
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Tickling and scraping.—There is no difference in reaction from the two 


sides, but he says that cotton-wool rubbed across the hair-clad parts of the 


left hand tickles slightly less than on the right. 


Vibration.—-The tuning-fork is appreciated everywhere, but the sensation 


it evokes seems to him fainter on the affected than on the normal lh: 
Moreover, vibration can be appreciated on the right hand for several secon 
alter it no longe r causes a sensation on the left. 

+ ! 


Sensibility fo padi He can appreciate the prick of a pin eve rvwhere 


the atfected side ol the body, but says, ‘a It Is not quite so sl arp, ana not 


plain as on the normal side. This want ot plalnness on the tel una 

forearm is associated with an apparent slight Yralsing of thr threshold 
] | + ’ " ] , ¢ 

measured’ pricks > this Is more probably due to an affection of the disci 

“at | +], nt oe ful ele ‘eat 7 a ee Ch tty. 

rather than oO the palniul elements OF The stimulus. here S » AITTeCrend¢ 


the affective reactions from the two sides. 


Normal hand (R.) Affected hand (L.) 


21 grin. /mm? HIIIIOOHOHEU 
23 grim. /mm HITEITOUPIIETT 


21 grm. /mm HIIOOlLOOMHOOO 
23 grm. /mm HOOMNOCTOOOIOIC 
35 grm. /mm IOON IOOOIOOOIOIO 
70 grm. /mm HWIOMOOMLOLOOO 


100 grm. /mm HOOMOOHLOMNOO 
21 grm. /mm ONMOCIOOOOCOIOINO 
23 grm. /mm HIOHIOMNLOIIO 
100 grm. /mm?. LLIOUIIIEIIIELIO 


c ( t] | | | tl 

l'| Lungs the press leo! er al | ( ( S 
the body 

T! | ( d ( ( 
cold pope s | l. Lhe + ( ( 
pal ot thet S1des he bod bu ( ( 
the neu | 1i¢ ( ) | ly] ( | ( 
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affected vl all t mperature between 37 ¢ L350 ¢ eel i to be 
hot nor cold Not only is the ive of 1 ! t e increased b 
responses om the atlected } { I normal } 
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CASE 16. To illustrate the sensory changes found twenty-three ears atte 
an ijpury to the left cerebra hemisple re. 

Arthur William I., aged 42, is an out-patient under the care of one of 
us (G. H.) at the National Hospital. He was an officer in the merchant service. 
In April, 1887, he fell down the hatehway of a ship, injuring his head, and lay 


aus ll l 


unconscious for three weeks. When he regained consciousness he 


hospital in San Francisco; his right limbs were paralysed and he was unable 


to speak. During the tive months he remained in hospital he regained some 


power in the right limbs. On the voyage home to England he began to suffer 
with convulsive attacks which affected the right hand and the right side of 


his face. He was admitted to the National Hospital under the care of Dr. 


Ramskill in November, 1888. There was then slight weakness of the right side 
of his face and considerable hemiplegic paresis and rigidity of the right limbs, 
with contractures of the fingers of the right hand. The right knee-jerk was 
brisker than the left, and right ankle-clonus was obtained. While in hospital 


he had several localized tits, which began either in the right thumb or in the 


fingers of the right hand: in several the convulsions were limited to the nd, 
but in others the right side of the face was also affected 

On April 3. LSS, SIP Vietor Horsley operated and found a tracture of the 
skull which ran from before backwards across the fissure of Rolando \ large 
portion of the skull was removed, first over the region ol the mote ( tres tol 
the thumb and fingers, and then upwards to within 24 em. of the middle line 


m ' , p ‘ P 
The dura mater was adherent to the cortex and a subdural cyst was found a 
the posterior part ol the opening. After the cortical vessels ul been ligatured 


a portion of the damaged cortex, about 5 em. in diameter, was removed: this 


{ 


included, as far as could he determined, the centres tor the fingers tna 


thumb. 


CONDITION IN 1910. 


He still suffers, at rare intervals, from local fits in the right hand, which 
occasionally spread more widely. Our observations were made for the most 


part in 1910, and we shall summarize in this account his condition towards 


the end of that vear. There is at present no aphasia or apraxia ; he is educated, 





fairly intelligent, and spends much of his time in playing chess matches 
Special senses.—Smell, taste, hearing and visual acuity are normal and the 


visual fields are not restricted. 


Cranial nerves. There is slight weakness of the right side of the lace 
in voluntary movement, and the tongue deviates slightly to the right, but the 
funetions of the cranial nerves are otherwise normal. 

Motor system.—The right arm is smaller than the left and its muscles are 


firm and rigid; the wrist and fingers are held in a permanently flexed position, 
and contractures limit the range of passive movements at all joints. There is 


no power of movement of the fingers and hand, except that the fingers can 


be slightly flexed as a whole. Pronation and supination are impossible, and 


flexion and extension of the elbow are restricted and feeble; he can carry out 
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all the movements, except rotation, of the right shoulder, but they are feeble 
and he cannot bring the arm into a horizontal position. Voluntary movements 
ot the right foot are also lost, but those of the knee and hip are fair in range 
and powei There is considerable rigidity of the whole limb, but no con- 
tracture except of the calf-muscles. He walks with a typical hemiplegic gait 
the right leg is advaneed by cireumduction and he tends to drag the foot. 
Retleres. All the dleep reflexes are exaggerated on the right side and ankle- 
clonus can be obtained; the right plantar reflex gives an extensor response, 


and the abdominal reflex is much diminished on this side. 


\) taneous sensations. He is not a good subject fol introspection, but he 
suvs he thinks that the right arm and leg ~ go to sleep more easily than the 
left ’ when he wakes up at night he is unable to find his right hand until he 
has groped for it He has never experienced pain or tingling in the affected 
sicte 

Tactile ensit aie When a Wisp ol cotton-wool is rubbed across the 


affected hand he appreciates most of the contacts, even on the palm, but 
i is weaker” on the right than on the left, and that 

seems plainer” on the normal hand. There is no similar difference between 
the two lower limbs, where he appreciates contacts as constantly on the right as 
on the left. He has a high threshold to von Frey’s hairs on the normal hand, 
but on the affected side no threshold can be obtained even to 100 grm. mm.” 


To the weight-wsthesiometer he gives a perfect series of answers on the left 


hand with a pressure of 2 grm., but on the affected a threshold cannot be 


obtained even with a pressure of 32 grm., although he responds to 2 grm. More- 
over, increasing the strength of the stimulus makes no appreciable difference 


n the proportion of right answers ; in fact, a better reading was obtained with 


2 grm. than subsequently with 32 grm. With von Frey's hairs there is a 
great tendency to persistence and hallucinations, but this is much less evident 
luring testing with the weight-zwsthesiometer. 

Roughness With Graham-Brown’s instrument the same threshold is 
obtained on the two hands. 

Vibrat is everywhere appreciated, but on the right hand he said ~ it felt 
weaker "’ than on the left, and the period during which it can be appreciated is 
considerably shortened. 


Tickling and serapingy.—To tickling and scraping there is no difference 


between the paln s, or the soles of the two feet. 


Sensibility to pain.—When repeatedly pricked in any one area with a pin 
he says © it is stronger on the left side than on the right, but it does not hurt 
me more.” Occasionally, too, he finds the prick i sharpei ” on the left hand. 
There is, however, no difference in thresholds on the two sides to measured 


prick or to pressure-pain. 
Thermal sensihbility.—The paralysed hand is usually blue and cold and 
is, therefore, uns iitable for the finer testing ol thermal sensibility ; but in spite 


of this he is able to recognize cold up to 15°C. and heat from 45°C. upwards. 


More 


satisfactory observations can be obtained from the arm above the elbow. 
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On the normal side the neutral zone lies between 27 C. and 32 C., whereas on 
the affected side it extends from 25° C. to 38 C. He complains that he ean 


~ feel warmth and coldness quickei on the left side than on the right” and 


| 

adds, “| have to wait a minute to be sure on the bad side 

Sense of position. The power ol recogni: ing the sense of position ot the | 
right upper extremity is lost: he has no idea where it lies in space. There is 
also considerable loss in the right lower extremity. especially below the knee 

Appreciati nOf passive CHL) s Iso lost in the right tingers and wrist 
and is mueh diminished at the elbow ere a movement through an angle 
of even 60° was occasionally not appreciated, and the smallest move 
he was able to recognize exceeded 40 \t the normal elbo s alwavs 
ible to recognize a movement of 3, and not infrequently indicates correct 
the direction of a movement that does not exceed 2 

Localization is remarkably accurate on the normal hand but is 
iffected on the right. When tested by the moditied Henri: vl, he savs 
everv contact, that he can feel 1) s » tal | s 

COMPASS CS. Readings on the adorsun. © tiie id wana on the tore 
showed that the powe ot Uuscriminating two yp ts s compl los 
the atfected side, whether the I .. tacts t ie § itaneou f 
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kven when 500 grm. are placed 1 s atfected l he recognizes that so 


eg 


thing is in contact with it, but does } ( 3 elg 

The appreciation of size, me, , and 
nition of familias objects, are abolished { tht hand, although toall thes 
tests he is accurate on the no side 


one oft us (G. H.). at the National Hospit | | \ s it tted to the hospit 


unde the care ol Su W ll mm Ceowers 1n Ma LQO4, « } ! is eadachye 
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xtremity was weak, but though he dragged the right foot no actual loss of 


rotor power could be demonstrated in the right leg. The deep retlexes 


were brisker on the right than on the left half of the body, the plantar 


tlexes Lave tlexol responses, and ankle-clonus could not be obtained. He 


complained ot numbness in the right hand, and on examination tactile 


sensibility was found to be slightly defective over the right arm and leg ; 


{ 


e power of appreciating the position of right limbs was also disturbed and 


uches were ba tL\ local zed. He was able Lo recognize objec ts placed in his 
3 hand. Smell and taste were unaffected, hearing was poor in both ears, 
}) hone conduction was better than aerial. Vision was fair (73 in. both 
eves), but there was slight pel pheral contraction of the right halves of the 
visual tields. There was intense optic neuritis in both eves. On June 21, 
L904, a large gumn was removed by Sir Vietor Horsley from over the left 
Vs ul lobe: it was firmly attached to the dura mater and measured about 
6 by 10 © in transverse diameter, Brain-tissue to a depth of about 2 em 
us removed with it From the description written at the time of the opera 
subsequent measurements of the trephine opening in the skull, 
e centre of the portion removed lay over the supramarginal gyrus He 
l rapidly from the operation, but has since remained under treatment, 
6 = e inter ls, to convulsive attacks affecting his 1 eht side, 
CONDITION IN 1909 TO 1911. 
The ] ae servations have been made between June, 
LOOY, nai the present t e, and mn tiv following uccount Wwe will sumn wize 
s conditlo (luring this period \t present he 1s unable to read or write, 
) ean ¢ \ ul simple orders without mistakes; he occasionally fails, 
reve to co ehend more complex commands and longel sentences He 
Iks readil ioes no is rule use wrong words. There is no apraxia. 
Sp Smell and taste appear unaffected There is slight middle- 
if s | h sides, gre ( m the right than on he left Vision 
S mw g | eves, b s right homonymous hemilanopsi 
( Phe ink s of all the cranial nerves are 1 nal, the 
Dilis are eq | na rene well, and e is no asymmetry ot t luce ut 
st ! ‘ 
V/ j | muscles ll developed in bot rig ul left 
| DS \ { e oO LICILN he SPs equal when he ¢ 1 look it 
S nats tl s eves ( s i e@ rigi ul | s « lun s { detinite ly 
less ) | \ l ted in ne WiVs LSeCs le hand 
) | ) a ) Ss < Nes HH alks wel ly S S the l hit 
l s easil 
| ‘ tol sa ly k I equal o the two s, there 
~ » clonus t bot pia L the s give fle ) sponses 
S) ‘ ‘ He ce plains that his t and seems dull,” 


Ss compared Wit the left, but cannot explain fully in What this difference 
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consists. This ~ dullness” extends over the whole right half of the body, 
but is less on the foot than elsewhere. He has no pain or tingling. 

Tactile se nsibility. He can ippreciate cotton-wool contacts over all hair- 
clad parts ol both sides of his body, but he says ~ the touches are plainer 
on the normal than on the affeeted side. On the right palm he frequently 
fails to recognize such contacts as evoke constant responses from similar 
parts of the left hand. To von Frey's hairs the tactile threshold is high even 


on the normal hand; thus although he responds to 21 grm.;mm. he cannot give 


wu perfect series of answers under 35 grm.mm. On the affected hand he also 


responds to 21 grm. mm.°, but even with 100 grm. mm. the series of answers is 





gravely defective. Moreover, increasing the strengsth of the stimulus does not 
produce a corresponding improvement in his answers. 

Roughness. —As measured with Graham-Brown’'s instrument, the threshold 
is found to be the same on the two halves of the body. 

Tickling and sei (ping. We can recognize no ditference in the eftect 
produced by tickling or scraping on the two sides of the body 

Vibration seems to be equally well appreciated on the two halves of the 
body, but we found considerable difficulty in determining any finer differences, 
as the relative length of time during which the fork can be appreciated 

Sensibility to pain.—We can tind no difference in the thresholds on the 
two sides to measured prick or pressure-pain. 

Thermal sensibility.—We are unable to find any gross differences between 
the appreciation of temperature on the two sides of the body, and he seems 


to be able to recognize correctly the relative hotness or coldness ol two 


temperatures on the same side of the thermal scale. Owing to his speech- 
defect, finer tests, as the determination of the neutral zone, are difficult and 
unsatisfactory. 

Sense of position.—He is unable to recognize accurately the position in 
which the affected arm is placed, and by Horsley’s method the records 
obtained, when the normal hand seeks the affected index, are much worse 
than when he points with the affected hand to the normal forefinger. There 
is also defective appreciation of the position in space of the right lower 
limb. 

Appreciation of passive movement is gravely atfected in the whole t the 
right upper extremity and to a less degree in the right leg. It is diftieult to 
estimate the amount of this defect, as the patient frequently replies that a 
movement has occurred when none has been mace. 

Localization is seriously affected on the right hand: this faculty was 
tested by various methods, but all yielded the same results. \s a rule he 
attempts to localize the spot stimulated, but often gives up at once, saving, 
“Yes, I feel it, but I have no idea where it is.” He frequently moves the 
finger that is touched, but even then does not succeed in determining which 
it is. 


Compasse s—The power ol discriminating the two points iS gl ively atfected 


on the right hand and arm. Thus a perfect reading can be obtained on 
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the back of the normal hand with the points separated to 3 em., but on 
the right he is completely unable to distinguish them even when they are 
S cm. apart. Moreover, this loss is equally distinet whether the points are 


ipplied simultaneously or successively with an appreciable interval of time 


hetween the contacts 
The powe hr estimating eight, either on the supported or the unsupported 
hand, is completely lost on the right side 
The appreciatioi f size, shape, foru n three dimensions, and the nature 
’ : : 


common onjects placed in his righ hand, are completely lost, whereas in 


he left hand he is remarkably accurate to all these tests. 


CAG LS. / strate the application of our methods in a case of cerebral 


William S., aged 51, was admitted to the National Hospital on July 21, 1911 
nder the care of Dr. Tooth, to whose kindness we are indebted for the oppor- 
owing observations. He had had syphilis ten years 
igo. He 


id been otherwise well till Mav, 1911, when he began to suffer with attacks 


previously, and his right eve was destroved by an accident five vears 


pain of short duration, “like an electric shock,” which always began in his 

! foot. ascended this leg to the hip then passed up the left side of his body 

» his shoulder, and into his left arm and this side of his face. \t first these 

ittacks consisted in sensory phenomena only, but from June 7 they were 

| lowed by el e spasms of the left limbs, always heginning in the foot, 
i vl jerking of his head to the left. His limbs were weak after each of these 
| tacks, and remained permanently so from early in July. When he came 
\ inder observation hearing and vision were unaffected, but optic neuritis 
was commencing the funetions ot the cranial nerves were undisturbed and 


1e pupils reacted briskly The right half of the body was normal but the left 


| bs were weaker, the leg more so than the arm : they were also slightly rigid 
nd all their movements awkward and clumsy. The left deep reflexes were 
caggerated, ankle-clonus was easily elicited on the left side, and the plantar 
etl wus of the « ensor ty} 


CONDITION OF SENSATION BEFORE OPERATION, 


[he condition of his sensation was carefully investigated at the end of 
July and in the beginning of August, but as these observations are less valuable 
vv our purposes than those m ile after the progressive disease was removed, 
ey will be recorded as concisely as possible. 
Spontaneous sensation.—He complains only that his left leg occasionally 


eels numb, and that “I don’t seem to have the proper feeling in the left 
Tactile sens hility. He appreciates all contacts of cotton-wool on the hair- 


clad parts of the affected side, but says they are less plain * than on the 
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normal: he misses many contacts on hairless parts, such as the palm 
A definite threshold cannot be demonstrated with von Frey’s hairs or with 
the pressure-esthesiometer, even to a pressure of 35 grm., and fatigue can 
be induced with unusual ease over the affected parts. 

Roughness. The same thresholds are obtained on both sides with both 
Graham-Brown’s instrument and the sand-paper tests. 

Tickling and scraping evoke a ~ stronger sensation” on the normal than 
on the affected side. 

Vihration.—The tuning-fork can be appreciated everywhere on the affected 
half of the body, but the sensation is “less plain” than over normal parts 
Moreover, when the fork has ceased to produce a sensation on the left halt 
the body it can be appreciated for at least five seconds longer, if immediately, 
transferred to the corresponding part of the normal side. The fork also seems 


to beat faster on the normal side. 


Sensibility t pain. Pin-pricks can be appreciated everywhere, but they 
appeal ** not quite so sharp” on the atteeted half of the body. He does not 
react excessively from either side. The threshold, as measured with thi 


algesimeter, is identical on the two halves of the body, and the readings 


the pressure-algometer show no material differene 





Thermal senstb fy is not disturbed on either side. 

Sense of position is seriously affected in the left an ind leg, and all ses 
ments oO these limbs must be noved t oug! considerable angles bet 
passive movement can be appreciated. 

Localization is also much affected: when tested wit tactile stimul 


frequently said, “I can feel it but I can’t be sure where it is 


Compasses.—This taeulty is very much diminished \ threshold ean 
be obtained on the atfeected hand. even when the points ure ippl 1 sue f 
cessively, though the normal palm gives a perfect reading with the points 
l em. apart. | 
Lppreciation of ergnet, He cannot recognize the difference between two | 


weights placed on the hands, supported or unsupported, nor the addition o 
removal of weights on the affected paln 

The appreciation of size is disturbed on the affeeted hand, but not con } 
pletely lost. He is unable to recognize the test-objects we generally employ 
to test the appreciation of sheapi He can, however, recognize the thre 
dimensional objects. 


rr j 2 1 > + + ] 
Che appreciation of texture is also lost in the affected hand 


OPERATION. 

On August 30 Mr. Sargent operated, making a large osteoplastie flap in 
the right side of the skull, which exposed the upper end of the central gyri 
Evidence of disease was at once seen in the postcentral gyrus, and a horizontal 
incision was made into it at about the level of the upper genu ol the fissure 


of Rolando. Through this incision a large circumscribed, partly encapsulated 


tumour, measuring 5°D by 4°56 by 2°75 em., was removed Microseonical 
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examination showed that it was a glioma. It lay in the subcortical white 
matter near the surface, and apparently not far from the mesial surface of the 
hemisphere. In its removal a considerable portion of the postcentral gyri 
above the level of the superior genu of Rolando was necessarily destroyed, but 
as far as could be seen the operative lesion did not affect any part of the brain 
in front of the central fissure. 

He recovered quickly and _ satisfactorily from the operation, and his 


condition in October, 1911, was as follows. 


CONDITION ONE MONTH AFTER OPERATION. 


The functions of the eranial nerves and special senses are still unaffected. 
Votor system.—There is comparatively little loss of power in the left upper 
limb: the weakness of rasp is aue chiefly to the sensory disturbance. The 


; 


movements of the limb are clumsy, but their range is not restricted. The left 


leg is relatively weaker, but all its movements can be executed with fair powei 
ough a normal range; it is, however, slightly rigid. He can walk without 
assistance with a slightly hemiplegic gait, the left limb being advanced by 


cireumduction 

Reflexes All the deep reflexes are increased on the left side, but ankle 
clonus cannot be obtained. When the left knee is extended the plantar reflex 
is of the extensor type, but when flexed undoubtedly flexor. 

Spontaneous sensat .—He complains of no numbness or tingling in the 


iffeeted side, but when the hand 1s touched © it does not feel the same” as 
the normal side. He generally knows where the arm lies, but when the left 
foot is under his chair he is less certain of its position. 

Tactile sensi ty He can appreciate all contacts of cotton-wool when 
rubbed across the affected foot, on both hairless and hair-clad parts, but he 


; ; 


always says that the sensation is “less plain” than onthe normal foot. But it 


the cotton-wool is simply brought into contact with the skin without move- 
ment he fails to appreciate many contacts on the left side, although he misses 
none on the normal foot. There is no demonstrable disturbance of sensibility 
to ecotton-wool on the hand. 

Examination with graduated hairs, or with similar methods, shows all 
the phenomena we have already described ; fatigue is produced with unusual 
ease, the sensations persist, and hallucinations disturb the examination. 
\ threshold can be, however, obtained on both the hand and the foot, though 
increasing the strength of the stimulus does not always give a corresponding 
increase in the proportion ol correct answers. 

Roughness.—No ditference can be discovered between the power of appre 
ciating roughness on the two halves of the body, and an identical threshold 
can be obtained from the two hands and the two feet. 

Tickling and scraping.—When the affected sole is tickled, he says “ it is not 
so plain ’’ as on the normal side, and the reaction evoked is distinctly less. 

Vibration of the tuning-fork is appreciated everywhere; but on the affected 
hand and foot it does not seem so plain as on the normal side. The shortened 
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power of appreciating the tuning-fork is no longer so definite as before the 
operation, but he still insists that on the affected foot it seems to be beating 
slower than on the normal side. 

Sensibility to pain.—There is no diminution of sensibility to prick on the 
affected half of the body, and identical thresholds can be obtained on both 
sides. 

Thermal sensibility.—The thresholds for heat and cold are the same on 
the two hands; the neutral zone lies between 27° C. and 30°C. But there 
is a distinet difference between the two feet; thus, though the neutral zone on 
the right foot lies between 27° C. and 30° C., it extends from 24° C. to 35° C 
on the affected sole. He is generally able to recognize correctly the difference 
between two temperatures on the same side of the scale, provided they diffe 
by 10 C. 

Sense of position. There is considerable loss of the power ol recognizing 
the position of the left lower extremity, and to a less degree in the distal 
segments of the upper limb. 

[ppreciation of passive movement is also defective in the left limbs. 
Movements of the normal knee of from 1 to 2’, for instanee, can be constantly 


) uw 


appreciated, but on the affected side no movement under 12° was appreciated. 


and on several OCCASIONS a range of 25° was necessary tor recognition. 


Li calization, as tested by the modified Henri method, is pertect on both the 
foot and the hand; in this respect he has improved greatly since the operation. 
Compasses.—On the normal sole a good reading was obtained when the 


points were 2 cm. apart, but on the affected side a series of correct answers 


l 


cannot be obtained even at 10 em. The difference is much less between the 
two palms; on the normal hand he could discriminate the two points when 
lem. apart, and he made no mistakes when they were separated to 3 em. on 
the atfected palm. He is now able, however, to appreciate the two points 
when they are applied successively. 

Appree zation of weight. The power ol diseriminating Wwe ights placed on 
the unsupported hand is obviously defective. There seems to be also a slight 
defect in the recognition of addition to and removal of weights from the palm, 
but no definite difference can be demonstrated in the power of discriminating 
two weights placed one after another on the fully supported hand: it must be 
remembered, however, that the hand is now very little affected, and that it is 
impossible to test accurately the discrimination of weights on the foot 

The appreciation of size, shia pe and form. The ippreciation of size 
alone can be tested on the foot, and he is certainly slower and less certain 
in his answers from the affected side: further, the ditference between the 
test-objects must be considerably greater than is necessary on the normal 
sole. On the left hand, where the disturbance ol sensibility is much sligh e 
he can appreciate size, shape, and three-dimensional form as well as on the 
unaffected side. 

The power of recognizing consistence and texture ean be tested on the hands 


alone, and here no definite difference can be discovered between the two sides. 
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\ CASE OF LESION OF THE OPTIC THALAMUS WITH 
AUTOPSY. 


BY GORDON HOLMES, M.D, 


/ f Val H tal, Wuee Sou é. f { Se 


HENRY HEAD, M.D., F.R.S 
! |! Hos) 


Since the publication of Roussy’s monograph on the ‘* Syndrome 
thalamique” in 1907, very few cases with the clinical features and 
the anatomical lesions which he identified with this svndrome have 


been recorded. The only ones of which we know are the two further 


ones described by Roussy himself, two by Long |4], and one by 
Winkler and van Londen |10). These, with Roussy’s three original 
observations, and cases recorded by Dide and Durocher l|, Roque, 


Chalier and Cordier |7), and VPaillard and Leliévre |6), make a total of 
eleven cases recorded since attention has been directed by Dejerine to 
this type of disease of the optic thalamus. A search amongst the 
earlier hterature, however, shows that similar cases, in which the 
site of the lesion was confirmed by autopsy, had been published by 
Edinger |2/, Greiff |3)], and others. 

All these cases conform, more or less closely, to the clinical descrip- 
tion given by Dejerine and Roussy, and justify its recognition as a 
clinical type, though even Roussy’s own later experiences have shown 
that in some respects the definition he gave it was too rigid. The 
absence of a severe hemiplegia with contractures, and of an extensor 
response, were among the characteristic features he originally described, 
but they were present in one of his later cases. On the other hand, 
involuntary choreo-athetoid movements were originally regarded as a 
typical feature, but they were absent in two of Roussy’s own cases. 

Despite these discrepancies there can be no doubt that these cases 
represent a definite clinical group, and, as post-mortem examination has 
shown, their more characteristic symptoms depend on destruction of 
a special and definite region of the optic thalamus, that is, the posterior 
part of its external nucleus. 
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On the other hand, it must be recognized that this syndrome, which 
Dejerine and Roussy have described most fully, is probably associated 
with lesions of this portion of the thalamus only, and that disease of 
other parts of this mass of grey matter may produce essentially different 
clinical phenomena. 

The following case, in which we had the opportunities of full clinical 
and pathological investigations, evidently belongs to the Dejerine-Roussy 


group. 


W. H.. aged 49, was admitted to the National Hospital on August 23, 1909 
into one of Dr. Ormerod’s beds, but owing to Dr. Ormerod’s absence he was 
whilst in hospital, under the care of one of us (G. H. He was a blacksmit! 
and had until recent vears been in sood health He denied ileoholic excess 


and venereal infeetion. 


The history he gave of his illness was confirmed and amplitied by his wife 
The first evidence of any cerebral disease was a tei porary diff culty in speec 
in February, L906, from which he recovered con rye tel Within t ee GavVs Hi 
had an attack of “influenza” in the autumn of 1908, but was soon abl 
resume his work, at which he remained till early in 1909, whe i. i 
cease owing to vertigo and a feeling of general weakness He had ¢ pilamecd 


since then constantly of these symptoms 


In February, 1909, while talking to his wife, he suddenly fell to the gi 


and lost the power of movement in his right limbs and the right side ot S 
face, but there was no loss of consciousness He recovered rapidly and was 
soon again able to use the right limbs quite well In June, LOOD, he 
another similar attack, and a third on July J The right limbs were weal 
after each of these attacks, bu he remained able to move them, thougl 
could not employ his right hand in feeding himself, or in other fine actions 


Speech was not noticeably affected and the patient's yeneral mental conditio 
did not alter materially From the date of the first attack, however, he con 


plained much of headache and vertigo. 


On the evening ot the day on which he was acimitted to lospital he became 
maniacal and violent and had to be removed to the isolation ward Next dav 
however, he was quiet, collected and easy to examine. His mental stat 


improved further and for a few days he remained in a condition fairly suitable 
for our investigations. 

He was a sallow, lean man with marked areus senilis, rigid arteries and 
a high pulse tension: his heart was hypertrop!| ed, and his urine was of low 
specific gravity and contained a small amount of albumen. He appeared much 
older than his age His memory was poor, and, as he was inclined to become 
inattentive after a time, it was necessary to interrupt the examination fre 
quently. There was no trace of aphasia ol apraxia 

His ocular movements were normal: the pupils were equal but small, and 


inactive to light. The movements of the jaw were unaffected, and there was no 
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weakness or asymmetry of the face in either volitional or emotional movements. 


His palate and tongue moved straight, and there was no alteration of articula- 





tion, phonation, or deglutition. Visual acuity was R. s°;, L. 45, but there was no 
NemManoyptla Op thal LOSCOPIE examination, however, revealed severe disease 
of the retinal arteries, and occlusion of the upper temporal artery of the left 
eve \ssociated with this vascular disease were cedema, haemorrhages and 
extensive degeneration of the retina, sufficient to account for the visual 
deticienc\ Hearing, too, was ce fective, and according to his wife it had been 
so slnee the st Ke ll February, L909 He Was very deat in nis left ear, but ol 
the right side he could hear the tick of a wateh by aerial conduction, but not 
in bh lie 
Voto) s The left limbs were unattected 
The } scles of the Snt arn WET equal In size to those ot the left, hut 
on Sos \ creased, ough the limb could not be deseribed as 
C1 Its ve ents were unrestricted In range and there was no 
tendeneyv to contractures t was difficult to estimate the actual power of the 
| by a < , } hably to the s« sory loss he seeme | unable to exert a con 
stant effort wit but there was very little lanv, true weakness as compared 
! \ll its movements were, however, slow, awkward and 
itaXic, evel when controlled by vision ind extremely erratic when his eves 
There was also slight increase of tone of the muscles of the right leg, but 
no tence CY tO Cc 1 ctures © mitation of movement The same difficult, 
is met wit sin tne ! n estimating the strength ol the limb, but there 
See edt TO ye littl 2) ( WEAKNESS Its movements were very awkward and 
ic He walked wit short, uncertain steps, holding the right leg rigidly 
ence Ss l \We S] l ( 
| / } deep retlexes w ( ill brisk but equal ol he two sides 
| ‘ bel hel CYrelIUSLE ( tlexes were ilso equal, ane Lie plantat 
etlexes ) Dott sides were Charaucterist cally tle XOr 1n type 
S) j ( i/ . | was difficult to obtain from the patient a full 
cLes¢ ptiol | Ss sensations, but he con plan ed constantly of pains and sore 
ess 1n Ss tar chiefly in the hand and forearm, and in the right foot. 
eS 1) ~ ere as ll vou wert mena up the arm ind crushing Ol is 
you were breaking it.” He also complained of sharp shooting pains in the 
eht side, which usually started in the leg and shet up this side of the trunk 
Into His ie I he would Treque tly grasp bis head between his hands and 
shriek out with pain He sutfered also with ~ an aching, crampy feeling” in 
his ight | Ds ana theeright side ol his hody 
Lin ( N¢ suo) ‘aT, He failed to ecoLrnize ordinary cotton-wool touches 
on the right limbs and on the right side of his trunk, though he responded 
immediately to even the lghtest touches on the left side. Occasionally he 
ippreciated Contacts faintly” on the hair-elad parts ol the right side of his 


face, but not on hairless regions, as on the forehead. On the trunk the 


anesthesia to cotton-wool extended almost to the middle line, but by using 
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slighter stimuli, as a von Frey's hair of 23 grm. mm.°, it was found 





least 1 em. beyond it. When a Wisp otf cotton-wool was rubbed 


and firmly over hair-clad parts of the limbs he could oeeasionally 1 
| 





stimulus, but vaguely and “ faintly. No tactile hairs up to 100 





could be appreciated anywhere on the right arm, the right side o 





or on the right leg, but contacts with a stimulus of this strength e¢ 





























pain even by pricking him repeatedly on the one spot with a sha 
the trunk the analgesia extended to within 1 em. of the midd 
apparently pricks did not become naturally sharp until the mid 
crossed. The right side of his glans penis was also insensitive to | 

On the right leg, especially on its distal segments, pricks could 
but to do so they had to be stronger than was necessary on 
side; the threshold was certainly considerably raised. The peril 
generally not so severe as that produced by a similar prick on 
but it was accompanied by a greater reaction. 

The greater part of the right side of the head was insensit 
but on the cheeks, lips, and on the forehead just above the eye, 


pin-pricks evoked pain. 





to extend al 


repeatle dly 


cognize the 
l ih. 
his trun 


on the right foot, where the sensory loss was certainly less profound un on 
the rest of this side. Similarly, firm touches with the pulp of a finge r Wi 
any blunt object could not he ecognized on the whit side, except on 100 
and the lower part of the leg. 

Corneal sensibility When tested with von Frey's hairs it was found tl 
while on the lett cornea even 12 Ory. ian voked L Ssensatlo tat consice 
able reaction, on the right no ha below 21 grm. mn produced sensath 
and even this excited only a slight retlex 

Loca ration ot contact could not be tested owilne to the ‘yoss cletect ol 
tactile sensibility, but in testing painful sensibility it seen patien 
could localize, at least awppronxin itely, pricks that evoked »p 

C OMLPUsses, Records could be obtained from t soles s Ss Was 
the only part of the right side where contacts could be appre el 
points were applied with reasonable pressure. \ perfect series swers LS 
obtained on t e left sole wit t points 9 en mpart. b sole | 
failed constantly to recognize the «a ruble nature of the stil s 
the points were separated to 10 en 

Vibration. He could only appreciate \ bration on the v Ds nd 
right side of the trunk when the fork (C. 128) was vibrating strong na 
when it had apparently ceased to vibrate on this side he e ill fe vibi 


tions again for a considerable period if the fork was immed ( sterred 
to the corresponding part ol the left side The diminution of sensibility was 
less on the leg and foot than elsewhere on the atfeeted sick When asked 
to compare the sensations evoked on the two sides he said the vib ons 
‘felt louder” on the left than on the right side. 

Se nsibility fo pain. The re Was almost complet NsenslpiUuity to p pricks 


on the right arm and on this half of the trunk; it was impossible to evoke 


1» youl (on 

it | he bu 

tl Lié Wiis 
] 

ICK 


evoke pain, 
ne Opposite 
- ] } 

evonedc Wiis 


r left loot, 


ive to prick, 


even gentle 
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It is noteworthy that a series of pricks on the one spot of the right 
um would occasionally start a movement, though the patient showed no dis- 
comfort, and as a rule did not intimate, even when questioned, that he was 
iware of any stimulus 

Pressure pain, It required considerably more pressure with the algometer 


to elicit pain on the right than on the corresponding parts of the left side, 


but the discomfort that was then produced, and the reaction it caused, were 


inquestionably greater on the affeeted sid \ striking feature of these observa 
ms Was that the pain seemed to appear suddenly or explosively and did not 
develop ceradually as t aid on t * no mal side. The following figures ceive 
| e€ approximate pressures that evoKked pain on the two sides: 
{ 
| pol } | a i 
| + 
» ) ) iV) ) t ‘ 
The ( ( ( On the mght und and arm there was complete loss 
of the appreciation of temperature Ss suc ind the patient reacted only to 
Lhe disagreeable ele ents of extreme temperatures Stimuli between 2) ( ana 
n>» evoke { bs lu O sensnillo but when tubes helow »() Cc Oo) above 
a)» CC. were ppled to the hand o i they produced t very Intense reaction, 
he puter \ \ s i Vig MUSI\ screwing W his) lace is li in 
extreme pall l ery out Oh, something has caught me or Something 
s forcing its way to me,” or “ It's got hold of me: it’s pinching me.” 
The loss 1 Live il sensibility was very similar on the meght side of the 
ce, thoug ne seemed to recognize heat as such, when the temperature was 
relatively ! a} l the neighbourhoood ot the eve. There Wis also complete 
loss on the rigtit le ~ but on the sole temperatu Cs tbove 5D C. gave him a sen- 
sation of hi ce, on the contrary, evoked only ~ a crampy pain,” which spread 
p his tee 
yy e pani il st Siul ons evoked bD\ ot tT ibes and ice persisted or wu con- 
sicle rable time aiter th stl ius Was emoved, ana according to the patient Ss 
aescription spread Wa iy tro the spot stimulated \ tube at 55 C. applied 
| to the sole, for instance, produced a pain that radiated “all over the foot.” 
hg tally strikn e was the tact that thre application ol high ol low temperatures 
had to be of a considerable duration, occasionally as much as thirty seconds, 
before the pain developed; then, like the pain produced by pressure, it 
ppeared explosively 
Sense of } [ of the right limbs was completely abolished: he had no 
idea how or where they lay when his evs were closed. Tl IS Was easily 


demonstrated by 1 questing him to place his left (sound) forefinger on his right 


hand or foot, or to indicate the position of the latter by pointing with the left 
hand; in seeking his right arm he merely waved the left about until he found 
his shoulder, and then traced the arm to the hand. 

Appreciation of passive movement was also completely lost in the right 
limbs; he was, in fact, unable to recognize any change of position of these 


limbs at any of their joints. 
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Appreciation of weight. \ fairly good threshold could be demonstrated to 
the left hand, but even the presence ol LOO grm. could not be recognized o1 
the right hand, whether it was supported or unsupported. 

Other sensory faculties, as the ability to recognize size, shape, ind form 
could not he tested owing to the serious disturbance of tactile sensibility. 

The above notes were completed on Septembes l The patient's col 
dition, both mental and physical, then deteriorated so much that no furthe 
systematic investigations could be carried out, but we succeeded in confirming 
many of the facts recorded above. 

He died on September 9, and a complet LUtTOpPSV Was performed eleve 


hours later 


Post-mortem E.ramination. 


} 1 


The heart was considerably enlarged, owing chiefly to hypertrophy 
of the left ventricle, but its valves were normal. There was remarkab! 
little disease in the aorta, but many of the smaller vessels were thick- 
ened and atheromatous. There was some hypostatic congestion of thi 
bases of the lungs, but they were otherwise normal. The other viscera 
were free from disease, excepting the kidin Vs Which wer small 
shrunken and firm; the capsules when stripped off left an extremely 
granular surface, and on section the cortex appeared very narrow. On 
microscopical examination the usual features of a small cirrhotic kidney 
were discovered, 

The spinal cord appeared large and well formed. There was nm 
meningitis or other disease visible on the surface, and no degeneratio 
could be detected by the naked eve in its cross-section. 

The meninges of the brain were normal except for a slight thick- 
ening at the base and on the lips of the Sylvian fissures. The internal 
carotid and the vertebral arteries were thickened, irregular in lumen 


and atheromatous, and the larger branches of the cirele of Willis 


excepting the anterior cerebrals, were similarly diseased The brain 
itself was firm, large and well developed No softening or other disease 
could be detected on its surface. It was immediately placed uncut into 


10 per cent. formalin in normal saline solution for preliminary 
hardening. 
Microscopical Lramination 
The spinal cord was examined at various levels by both Marchi’s 
and Weigert’s stains, but no systemic degeneration or other diseas 


could be detected in it by either method 
The brain-stem.—When the brain was hardened by formalin the 
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brain-stem was separated off by a transverse section through the 
anterior quadrigeminal bodies. One thin slice taken from this region, 
and another from the middle of the bulb, were treated by Marchi’s 
method ; the rest was examined in almost serial sections by Weigert’s 
stain. 

In the sections of the mid-brain prepared by Marchi’s method there 
was visible in the middle third of the left pes, in the ordinary position 
of the pyramidal tracts, a slight amount of degeneration. There was 
also secondary degeneration of some of the dorsolateral fibres of the 
left dorsal longitudinal bundle, and a considerable amount of degenera- 
tion in the whole cross-section of the mesial fillet. The latter was 
characterized by a remarkable fineness of the Marchi granules. No 
degeneration was visible in the other tracts of the mid-brain. In the 
Marchi sections of the medulla oblongata only a few degenerated fibres 
were visible in the dorsomedial portion of the left pyramid and some 
degeneration, represented by very fine granules, in the interolivary 
laver. On the other hand, no degeneration or disease could be detected 
in the sections stained by Weigert’s method. 

There can be no doubt that the slight degeneration of the pyramidal 
tracts revealed by Marchi’s method was due to involvement of certain 
of its fibres by the lesion that lay on the mesial side of the internal 
capsule. The degeneration of the mesial fillet contrasted with this by 
the much finer Marchi granules that represented it, and it is certainly 
to be regarded as a retrograde or cellulo-petal change, due to the affection 
of the distal portions of its fibres at or near their termination in the 
optic thalamus, rather than a true secondary or Wallerian degeneration, 
This retrograde atrophy or degeneration of the fillet has been repeatedly 
observed after such lesions. This view is confirmed by the fact that the 
systematic examination of the rest of the bulb failed to reveal any 
local lesion that could account for secondary degeneration of the fillet. 

The fore-brain.—The fore-brain was cut by sections in the plane 
of the optic tracts into slices about 1 cm. in thickness. To the naked 
eye no disease was visible in the right hemisphere, or in the cortex or 
subcortical white matter of the left, but a focus of softening was at 
once detected, which appeared in the more posterior sections imme- 
diately on the inner side of the external geniculate body and extended 
from here forwards, through the lateral portion of the optic 
thalamus, adjacent to the internal capsule. 

Those blocks which contained the cerebral end of the mid-brain, the 


optic thalamus and the corpus striatum, as well as the greater part of 
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the rest of the left hemisphere, were then mordanted in Miiller’s fluid, 
embedded in celloidin, cut in serial sections and stained by Weigert’s 
or by the Weigert-Pal method. The accompanying photographs show 
the site and extent of the disease that was discovered, and consequently, 


a short description will suffice. 
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Fic. 1.—Section through the level of the posterior commissure. The softening, as 
appeared under the microscope, is outlined by a broken line. Another small focus of softening 
lies in the dorsal part of the pulvinar. | 


The caudal extremity of the lesion, which extended just below the 
section shown in fig. 1, lay immediately mesial to the external geniculate 
body and to the dorsolateral angle of the pes, but neither of these 
structures was definitely affected by it. It spreads mesialwards into 
the inferior portion of the pulvinar, but not further ventralwards than 


the level of the posterior commissure. A little higher, at the upper 
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end of the external geniculate body (fig. 1) it lies chiefly in the ventral 
portion of the pulvinar, but its lateral angle projects into the lamina 
medullaris externa immediately dorsal to the crus. At this level the 
mesial fillet, as it bends dorsolateralwards into the thalamus, lies 
immediately ventral to the lesion, but is not here directly involved by it. 
It appears, however, poorly stained and atrophied. There is also slight 


rarefaction in the outer third of the pes, but this is otherwise normal. 





‘ 

















The lesion occupies the same relative position in the succeeding 
sections but becomes larger. In a_ section through the ganglion 
habenule and the corpora maimmalaria (figs. 2 and 3), its main portion 
lies ventral to the anterior end of the pulvinar and extends mesialwards 
to about the plane of the lamina medullaris interna, and ventralwards 
into the ventral nucleus. Its lateral portion at first projects almost 
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of the section along the inner margin of the internal 
degeneration can be detected in it by Weig 
At this level, and slightly above it, that portion 


nucleus of the thalamus in which the fillet terminates 
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the lesion. To this, and more especially to involvement 
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through the lateral zone of the thalamus. The mesial 


almost intact: while its lateral portion forms a narrow 


reticular zone, extending dorsolateralwards almost to 





ert’s method. 
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As the lesion is traced upwards its ventromesial porti 


inwards to the lamina medullaris interna, but leaves the mes 


smaller, while the lateral part is larger (fig. 4), and extends 


horizontally outwards, breaks through the lamina medullaris 


latter, however, is not directly invaded by the softening, 


fibres, the retrograde atrophy of the fillet must be attributed 
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nucleus, and ventromesialwards to the lateral angle of the corpus 
subthalamicum. At’ this level in fact it runs more or less parallel with 
the internal capsule, and separates the thalamus from it. It maintains 
this form and position almost to the dorsal surface of the thalamus, but 


in the highest sections of this (fig. 5) it is not quite continuous, but is 
represented by two distinct foci in the reticular zone and the lamina 


medullaris externa 
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Ky t.—The lesion is outlined, It contain it this level in its ventral part a relative 


The internal capsule was not actually involved by the lesion at any 
level, though here and there its fibres appeared raretied where the 
lesion impinged upon it 

The lesion consisted of a softening with complete destruction of the 
cells and fibres within it, and their replacement by loosely proliferated 
neuroglia. Its limits were easily detinable, but in places it appeared as 
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Fic. 5.—The fienir n the lateral nucleus is here represented by two foci. 
patch of soften ilso | in the nucleus lenticularis. 
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if the vascular occlusion that produced it had caused a necrosis of 
tissue more extensive than the actual softening. It was consequently 
necessary to outline its actual extent in the photographs that serve as 
illustrations. In one place (fig. 4) the softening contained traces of 
a relatively recent hemorrhage. 

The only other focus of disease, excepting a minute softening in the 
dorsal part of the pulvinar (fig. 1), was a small patch of softening, 
shown in fig. 5, in the lenticular nucleus on the outer side of the genu 
of the internal capsule 

The cortex of the central convolutions was examined by Nissl’s 


method, but no definite pathological changes were discovered. 


We can summarize this case as follows: A man, aged 49, with 
chronic Bright's disease and hypertrophy of the heart, suffered from 
three strokes at short intervals, without loss of consciousness, the last 
more than two months before his death. There was little or no 
paralysis, and the reflexes remained normal, but he sutfered with severe 
pains throughout the whole of his right side, associated with almost 
complete loss of tactile and postural sensibility on this side. The 
threshold for painful stimuli was much raised, though certain forms of 
discomfort, when evoked, were more severe, less bearable, and produced 
a greater reaction. The appreciation of temperature was abolished, but 
thermal stimuli below 20 C. and above 55° C. produced more discomfort 
than on the normal side, and an excessive reaction. There was also 
loss of the ability to appreciate weight, size, shape and form. He had 
bilateral deafness, greater on the side opposite to the lesion, as a result 
of the strokes. 

On post-mortem examination an extensive softening was found in 
the ventral and lateral regions of the left optic thalamus, which 
invaded that portion of the ventral nucleus of the thalamus in which 
the fillet terminates. The greater portion of the softening, however, 
formed a narrow cleft in the lateral zone of the thalamus separating 
it from the internal capsule. The internal nucleus of the thalamus 
was very little affected. 

It is evident that both the clinical symptoms and the anatomical 
lesion in this case conform closely to those of the type described by 
Dejerine and Roussy. It will be therefore interesting to collate the 
symptoms we observed in this patient with those of similar cases, in 
which the site and extent of the disease was determined by autopsy. 
For this purpose we may refer particularly to those recorded by Edinger, 
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Greiff, Roussy (five cases), Long (two cases), and Winkler and van 

















Londen. The cases published by Roque, Chalier and Cordier |7 

and by Paillard and Leliévre |6), ended in death so early after th 
onset of the lesions, that the effect of shock on their symptomatology 
cannot be excluded. In that recorded by Dide and Durocher | 1) th 
exact extent of the lesion was not determined by microscopical 


examination. 


} 


Roussy defined the “syndrome thalamique” by the _ following 
symptoms and signs: hemianwsthesia, involving deep sensibility more 
than the superficial forms, with persistent, paroxysmal, spontaneous 
pains on the affected side; little or no hemiplegia; hemiataxia, and 
frequently irregular involuntary movements of the athetoid or choreic 
type, in the affected limbs. 

Our case presented all these symptoms except involuntary move- 


ments, but on analvsing the ten cases referred to we find that th 


symptom was present in four only of them (Roussy (8), obs. 1, 
and |9|, obs. 1; Edinger and Greift Consequently, it cannot b 
regarded as an essential clinical feature of this group, though it 

undoubtedly highly characteristic when it occurs Hemiataxia, whicl 
was pronounced in our case, Ss apparently 1 more frequent 


symptom; it was definitely recorded in seven of the ten cases 

The sensory loss in our case was greater than in most of thos | 
we refer to, but in this respect it closely resembles one of Louss) 
(}9| obs. 1). The sensory disturbance, however, speaking merely 


these ten cases, is very variable in its intensity and, as Rouss) 


shown, affects chiefly what he calls **deep sensibility,” that is, 1] 

postural elements. In another of his cases, for exampl 8] obs. 3). 
the appreciation of touch, pain and temperature was unaffected, and 
the sense of position and the recognition of form alone wer st 


Edinger’s case, on the other hand, the sense of position was undisturbed, 


] 


and there was only an over-reaction to certain stimuli 


Spontaneous pains and parwsthesiw, which were a_ prominent 
feature in our case, are more constant and characteristic, and wer: ! 
fact, absent in two only of the ten cases (Roussy (8! obs. 2, and 


Winkler and van Londen) 

But there is another clinical feature of these cases which has not 
hitherto attracted special attention, though its occurrence has_ beet 
frequently mentioned in the clinical descriptions; this is a tendency 
for certain stimuli, generally of the unpleasant order, to produce 


more pain and discomfort on the affected than on the normal sid 
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of the body, despite the diminution of sensibility. In our own case 
almost all stimuli that could evoke a sensation had this effect ; pricks 
when they affected consciousness, it is true, produced only a greater 
reaction, but sensibility to this form of stimulation was very low. 
With painful pressure, however, the excessive discomfort and reaction 
were very pronounced ; while high and low temperatures, which were 


wed only as painful or unpleasant stimuli, had the same effect. 


re coen 


Roussy refers to this phenomenon as ‘ dysesthésie.”” In his first case 
8 obs. 1) prick evoked numbness and disagreeable sensations: there 


was “hyperasthesia’ to cold, and even the tuning-fork produced a 


sensation of “intense burning.” In a second case ({8] obs. 2) prick 
produced a painful numbness that was badly localized, and heat above 


50° «C. evoked pain In another case (|9! obs. 1), he observed that 


tickling was extremely unpleasant to the patient, and in his last recorded 
ease ({9 | obs even stroking the skin or hairs was painful, and thermal 
stimuli evoked tineling In Kdinger’s case even touch was painful and 


cold was unbearable, and in Greiffs hyperwsthesia was observed. 
Winkler and van Londen found that pinching or squeezing evoked “a 
uch sharper perception of pain” on the affected than on the normal 
le, and this was associated with “vehement repelling movements.” 


In fact, in two only of 


no mention made of this tendency for affective stimuli to evoke 


these ten cases, in those recorded by Long, was 


pain and discomfort. 

We have discussed elsewhere the significance of this phenomenon, 
which we regard as the most constant and characteristic feature of 
lesions of the lateral zone of the optic thalamus, and need not enter 


on it here again. We may only mention that we discovered it in some 


form or other in all the twenty-four cases of thalamic lesions that we 


have studied clinically 
Another symptom in our case, unhappily one that was not carefully 


ve 
LS 


investigated, wi: 
} 


ile 


a partial deafness which, according to the history, 
supervened on t attacks that produced his other symptoms. It was 
bilateral, but greater on the side of the lesion. Owing to the incomplete 
examination of the ears we cannot exclude local or other causes of 
this deafness, but as it has been observed in other cases it deserves 
a short reference. In two of his cases (/8] obs. 1, and [9] obs. 2), 
Roussy merely records slight diminution of hearing on the same 
side as that affected by the other symptoms, and no further analysis 
of the nature of the defect was made. In Winkler and van Londen’s 


case almost complete deafness followed on the lesion, but hearing 











CLINICAL 





CASES 





ORIGINAL ARTICLES AND 





returned partially ; and in Greiff's case hearing was diminished on both 
sides. We also found defective hearing in several of the clinical cases 
we have investigated; in some its occurrence was definitely associated 
with the stroke that produced the other symptoms, and its nature 
suggested that it was of central origin. The most interesting com- 
munication on this point is that published by Merle |5]; for in his case 
partial bilateral deafness, greater on the side of the sensory symptoms, 
followed immediately on the stroke, and as in a case that we have 
observed, was associated with extreme susceptibility to loud sounds and 
noises, Which became actually painful to the patient. This phenomenon, 
as Merle points out, is analogous to the over-response to certain sensory 
stimuli that also occurs in these cases. 

The affection of hearing has been generally bilateral, though usually 
vreater on the side opposite to the lesion. Its occurrence is easily 
explicable by the site of the lesion, for when situated in the posterior 
and lateral part of the optic thalamus it may involve the internal 
geniculate body itself; or, as in Winkler and van Londen’s case, it may 
interrupt the cortico-petal fibres from the internal geniculate body as 
they pass through Wernicke’s zone. 

Finally, we may point out that the disease in our case occupied 
approximately the same site as the lesions in other cases with simila 
symptoms. According to Roussy, the characteristic lesion destroys the 
posterior third of the lateral nucleus, and parts of the internal nucleus, 
of the centre median and of the pulvinar; and these were the portions 
of the thalamus that were actually affected in our case. but perhaps 
its most striking feature was that the internal capsule and the crus 
escaped almost entirely despite the size of the lesion; in this respect 
it resembles most closely the cases of Edinger, and of Winkler and 
van Londen. ‘The thalamic lesion in our case, too, was probably 
larger and more extensive than in any instance yet recorded, as it reached 
from the lateral geniculate body to the nucleus anterior thalami; and 
vet it left the internal division of the thalamus almost entirely intact. 
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THE RESPONSE OF NORMAL AND ABNORMAL MUSCLE 


TO LEDUC’S INTERRUPTED CURRENT. 
BY OTTO MAY, M.D. (BEIT RESEARCH FELLOW 


(f°) m the Researe/l De) riment, ©) ersil ( ‘ I] fat \/ Si 


At the Congress of the French Association for the Advancement 
of Scienee, held at Angers in 1903, Professor S. Leduc, of Nantes, 
described a form of electrical current, the aim of which was to produce 
& given excitation with a minimum expenditure of energy. It consists 
of a galvanic current, rapidly interrupted, and with the * make” form- 
ing a definite known proportion of each period. For its production hi 
devised a special interrupter (driven by an electric motor), which is 
fully deseribed and figured in the Archives dElectricité Médicak 
(Bordeaux), November 25, 1908 It enables the current to be inter- 
rupted at rates of 20 to 200 per second, the frequency being recorded b 
a special counter attached. Further, in each resulting period the time 
of ““‘make”™ can be varied from ;}, to jb of the total period The 


1] 


current thus obtained may be repre sented graphically by the annexe 


diagram (fig. 1). 


eee 


Fic. 1..-Scheme of current obtained with Leduc’s Interrupter In this fgu 
period of ‘¢make,’’ AB, CD, EF. is of the total period, AC, Cl 


The duration of each complete period (make and break), AC, CE, 


&e., varies from »'5 (05) second to siq (005) second. In each such 
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period, the ratio AB/AC, CD CE, Xe., can be regulated between the 
limits ;J,, and jh. It follows, therefore, that the actual duration of 
each contact can be varied from yj) 5 of ‘005 ‘00005 second to 41'), of 
O05 ‘035 second. 

by the use of this current, the phenomena usually associated with 
the faradization of muscle can be reproduced, with this added advantage, 
that all the factors of the stimulating current are susceptible of direct 
measurement and delicate gradation. Thus the strength, duration and 
frequency of the stimulus are all under control, and can be varied inde- 
pendently of one another. As suggested by Ledue (op. cit.), this type 
of current should be eminently serviceable for the clinical examination 
f human muscl It was for the purpose of obtaining the requisite 
data for such clinical employment that the experiments described below 


were performed 


| THE RESPONSE OF NORMAL MUSCLE 


As these experiments were made with a view to applying the results 


{ 


to man, it was, of course, essential to use mammalian muscle for the 


purpose In every cast cats were emploved, and were kept fully 
anwsthetized throughout the experiment. Two sets of muscles were 
investigated a flexoi group the soleus-gastrocnemlus : (>) an 


extensor group—the quadriceps of the thigh. The results were practi- 
cally identical in the two cases; the former was, however, a more 

nvenient preparation to work with, so most of the experiments were 
done with it Except where otherwise stated, the results here detailed 
were obtained from the gastrocnemius. 

The preparation was made as follows: The skin of the calf was 
reflected, care being taken to avoid hemorrhage from the large super- 
ficial veins The ecalt-muscles were then freed from the musculo- 
tendinous expansions of the hamstrings which run down on either side 
towards the tendo Achillis. The latter was then separated from its 
bony attachment, and the superficial muscles (soleus and gastrocnemius) 
carefully dissected from the deep flexors, nearly up to their origin. The 
tendo Achillis was then connected by a suitable thread to a ‘ Keith 
Lucas Rectilinear Myograph” (weighted with 50 to 120 grm.), 
arranged to write on the smoked paper of a kymograph. Two platinum- 
iridium wire electrodes were then passed through the upper and lower 
parts ol the muscle, and connected to the kathode and anode of 
the stimulatine circuit. During the whole experiment the muscle 





















CLINICAL 


CASES 





ORIGINAL ARTICLES AND 
preparation was kept warm and moist by irrigation with “normal 
saline”’ at body temperature. 

The source of the current was the main supply (220 volts continuous, 
passed through a lamp resistance, and a suitable rheostat for grading 
the voltage). This was in series with a milliamperemeter and a Leduc 
Interrupter (made by Gaiffe, of Paris), with special counter attached. 
The circuit, which also contained a ‘ Post-Oftice ** make-and-break key, 
was completed by the wire electrodes. 

As regards the measurement of the current, the amperemeter gave 
a steady reading with all rates of interruption from twenty per second 
upwards. If each “ make” was ;,, of the total period, then the read- 
ing would be ;4, of the actual current. Thus, with the scale at 10 
(“make = 4/55 of each period), a reading of *2 milliampere corresponds 
to an actual current of 2 milliamperes (uninterrupted). 

The tracings were taken on a stationary drum which was moved by 
hand between each observation. The contractions were obtained by 
momentarily pressing the make-and-break key. In addition, a series of 
contractions were recorded on a moving drum, with the usual signal to 


register the period of stimulation. 


Results. 


(In all the succeeding matter, the fractions 35, y25, yoo May 
be taken as referring to the ratio make: total period, as previously 
indicated.) 

Fig. 2 represents the typical response ol normal muscle to the 


Ledue current, with constant ratio of make: total period (in this case 


Lo 
boo 


that, as the frequency of interruption is increased from 20 to 120 per 


), but with varying frequency of interruption. It will be seen 


second, the heights of contraction increase; from 120 to 200, the 
heights are approximately equal, though there is a slight tendency to 
diminution. <A large number of experiments of this type was made ; in 
every case the increase with increasing speed was obtained, though the 
optimum frequency was not quite constant. It varied between the limits 
of 90 and 120. Thus in fig. 3 the maximum contraction is obtained 
at 100. This tracing shows another point of interest, namely, the more 
marked decrease obtained as the frequency was increased from 100 to 
200. This was noted in several cases, though the majority of tracings 
obtained were of the type shown in fig. 2. It may be noted then, 
that all agree in the initial rise to a maximum between the limits 90 and 
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120, but that there is a divergence as regards the shape of the remainder 
of the tracing. In some, the gradient of decline is considerably more 
marked than in others. The significance of this difference will be 


discussed later. 
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Fig. 2 Normal gastrocnemius; tracing of contraction, with constant ratio ,‘{5, and 
gradually increasing frequency of interruption (figures below curves of contraction represent 
the number of interruptrons per second), From L. to R 
| | 
gg | 
| | | 
' | 
| | | | 
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Fic. 3.—Normal gastrocnemius (cf. fig. 2) This tracing shows the tendency seen in 
some ases for ‘ ntractions to diminish with increasing frequency. From R. to L 


If the frequency, instead of being increased from 20 to 200, Is 
diminished, step by step, from 200 to 20, the tracing obtained is the 
negative image of those just described—i.e., the relation of height to 
frequency is the same. Further, it is independent of the ratio make : 
total period, as long as this does not fall below 735 (v./.). Nor is it 
attected by changes in the strength of the current ; provided this is 
submaximal, the curve shows the same features with varying strength 


of current. 
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Fig. 4 shows the result of stimulation of the trunk of the sciatic 
nerve with a very weak current, ;O5, at varying frequency. In this, 
the relation of height of contraction to frequency of interruption is 
not unlike fig. 2; it differs, however, in having its optimum frequency at 
about 170, instead of 120. 

In a current employed in the manner indicated, in which the ratio 
roo remains constant, while the frequency of the interruption varies, 
there are really two variable factors to consider: (a) the absolute 


duration of each “ make” period; ()) the frequency of interruption 


i | 
, So i | ; 4 
a. | | | { | 
Baectee | eee 
reTehe Sees | | 
| | | ae | ! } 
| rt | 
| 
i | ) 
i 
| 
| | | | 
| | ! | 
taneeeee 
ball ee ee, ee ee ee ee 
eomeedodg@o se F& x = = e wo ae a ae 
oon O9tre OB OoOsae = _ = - = 
Fic. 4.—Normal gastrocnemius: contractions obtained by stimulating the sciatic nerve 
with very weak current; contact ratio ;3,; gradually increasing freque: 


Thus, when the make is ,{}; of each period, its actual duration at 


100 
a frequency of 20 per second is 5)5 ‘005 second, while, with a 
frequency of 100 per second, this is reduced to rapa ‘(OO1 second. 
Hence it follows that, in the experiments just described, the duration of 
each “ make” diminishes proportionately with the increase of frequency 
Consequently a series of observations was made with a view to 


estimating separately the influence of these two variables. 
(a) Keeping the Fre quency constant, but varying the actual 
duration of “ Make.” 


If the interruptions are kept constant, say at 100 per second, and 


the ratio ;$6 is gradually increased from jy) to {%5, it is found that 
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‘ 


the height of the contractions increases till x reaches 5—i.e., until the 
duration of each “make” is 73,5 of ;! ‘0005 second—thence 


Loo Loo 
onwards the contractions remain approximately equal. The same 


result is obtained if the value of x is gradually diminished from 20 to 1 


( 
_ 


fig. 5). The corresponding values of x at other rates of interruption 


ire given approximately in the following table: 


M R . 
) . es , ; ‘OO006 sec. 
: ) (MMM, 
4) ) "OOUD 
{ a OOO S 
U . ‘ 4 OUO4G ,, 
It seems, therefore, that for each rate of interruption there is a 
miting value of “ make” period beyond which the efficiency of the 


current 1s not inereased bv increase of its duration 


20 18 16 4 «12:10 9 8 7 65 4321 


Mia ) N 1 v he tracing DLal d ith ynstant trequency I LOO 


t matter of interest to consider this result from the point of 
view of Nernst’s theories of the stimulating effect of the constant 
current He assumes that the exciting effect of such a current can be 
due to ionic displacement only, and suggests that it is proportional to 
the changes in concentration of ions at the surface of semi-permeable 
membranes ) He has caleulated that the change C) produced b\ 

onstant current (/) of short duration (f) is proportional to 7s ¢. In 
other words, the concentration changes, and therefore the stimulation 
efficiency, varies as the product of the strength of the current and the 
quare root of the time (see also Keith Lucas [3) and Hill |1|). This 
formula holds only for very small values of ‘#7 ; a limit is soon reached 


it which * accommodation” occurs, due to a reverse passage of 1ons 
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which tends completely to neutralize that due to the current.’ The 


upper limit of time for which this formula holds good in the case of 
the frog’s sartorius was found to be ‘01 second (Keith Lucas) | 4 

Now in fig. 5 it is seen that the height of contraction from 1), 
to yo are equal. The frequency of interruption was constant (100) ; 
hence it is justifiable to assume that the exciting value of each * make” 
was equal, though their periods varied. In other words, for normal 
cat’s gastrocnemius, with complete innervation, the /imiting time, 
above which “ accommodation ” (in Nernst’s sense) comes into full play, 
is of the order of ‘OQ005 second, and therefore very much below the figure 
obtained by Lucas for the frog’s sartorius (see further, below) 

It will be noticed that the figures given in the above table show 
a slight diminution as the frequency increases, being ‘OOU6 second for 50, 
and ‘00046 for 150. I can give no explanation of this discrepancy, but 
the figures are sufficiently concordant to serve the purpose for which 


they are intended to be used (see p. 288) 


(}) Keeping the Period of ** Make” constant, but varying th 


Fre ice wey of Inte } ruption 


A series of observations was made in which the value of “x” was 
made to vary directly as the frequency of interruption, as follows 


kr el \ t \ 
20 . l OOOS s 
10 2 
60 
SO) } 
LOO aay ) 
120 
140 


160 iw Ss 


180 9 
200 ‘ 10 

Similar observations were made in which the “make” period was 

kept constant at ‘OOL and ‘002 second respectively The results 

obtained were practically identical in the three cases. Fig. 6 shows 

the record of such an experiment. It will be seen that the result is 

very similar to tig. 2—i.e., the size of the contractions increases with 


increasing frequency up to 120, and then remains approximately 


constant. This is what one would expect, bearing in mind the 
results obtained with constant frequency (v.s.). For, with a value 
of Too ih, the actual period of each *‘ make” never falls below 

' This ‘* accommodation "’ may be compared to that postulated by Hering in his theory 


of metabolism, in which dissimilation leads automatically to assimilation, and vice versa. 
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the value ‘0005 second, determined as the “ accommodation” limit 
for this muscle. This factor, the period of each make, does not there- 
fore play any part in determining the size of the contractions; the 
only other variable is the frequency of interruption, and, as we see, 


this is in itself sufficient to produce the result shown in fig. 2. 


| 


} 
~o o.)6|6S Ss °° ° > © @ 2 
N vt o <2) o NN v c ee) o 
- = = = o- N 
Fic. ¢ Normal gast n trac ‘tained with constant period of make (°005 
ng tre [ t rupt (ZOt 2OU 
| ' 
| 
| | | 
| | 
| | 
o eo 8 & ®& So eo 8 8 
Sessa SSeardsana 
Fic. 7 Normal gastrocnemius tant ratio , varying frequency from 20 to 200 
' t 1 R. t I iS 
The conditions are, however, different if, instead of ;'s5, we employ 
1 smaller value—e.g., 7? and vary the frequency. In this case, as 


soon as the frequency is increased beyond 20 per second, the actual 
period of make falls below the limiting value, and becomes progres- 
sively more so as the speed is increased. In this case, therefore, there 
are two variable factors at work, of opposite sign—(a) the increasing 
frequency, tending to increase the size of the contractions, and ()) the 
diminishing periods of make, tending to diminish the contractions. 
I) 


*. 7 shows the tracing from such an experiment. It will be seen 


‘ 
a 
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to differ from fig. 2, in that it fails to show the regular increase to a 


maximum of 100 to 120, but has an irregularity dependent on the 


conflicting gradients of these two opposing factors 


I1.—THE Response oF CURARIZED MvUSCLI 


To investigate the response of muscle in which the motor end-plates 
had been paralyzed by curare, a series of observations was made ot 
cats after intravenous injection of a 2 per cent solution i curare, 
artificial respiration being maintained by a Brodie’s pump (with 
form in the air-chambe The efticiency of the injection was alwavs 
tested by stimulation of the nerve-trunk 

The stre 1th of current necessary to pt duce a fair-sized mntract 


was much greater than for normal muscle; the weaker currents ] 
duced only a local contraction in the neighbourhood of the electrodes 
Further, the shape of curve obtained with constant ratio—e.g., 74, n 


gradually increasing frequencies showed considerable ditterence f1 


those above considered Instead of a maximum at 90 1 20 
curarized muscle showed one at 50 to 70. followed bv a sharp 
SO that with a ratio yous and current-st encti ma 
traction at all was obtained witha frequenev of 2OO* (ef. tig. Ss 
| 
si cece 
oo°c QG 2 e6e?s @ ono 
a ae ae: a 2 rF Oo 4 ON } 
| S_ Ca , : 
Va fres 1 2 200) 4 R 
( Mnparing t] curves for curarized 1 scle, normal scle, 
nerve-trunk, it will be seen that the response of normal muscle is, 
| 
sense, inte rmediate between the other two nerve-trunk and 
muscle Thus, the optimum frequeney for nerve is 170 and onwai 
Ct. fig. by, for curarized muscle 90 to TO, and for normal muscl OU 


1 


that when a muscle s subjected t | 
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stimulation in the manner described, the contraction Is a composite one, 


resulting partly from stimulation of the intramuscular nerve-trunks, 


muscle-tibres themselves. 


t 


and partly from direct stimulation of the 


We are now in a position to discuss the significance of the variation 


noted on p. 274, as regards the optimum frequency of interruption and 


the vradient of decline Gf an n normal muscle. <At first I was 
inclined to. re 1 the ves of the type shown in fig. 3 as due to 
damave to the muscle from hemorrhage, excessive exposure, &c. But 
the observations d ed it following section make it improbable 
that these factors play any great rédle in the genesis of these variations. 


lative predominance in any particulai 


cast {f the two factors—nervous and muscular If a relatively large 
Intramuscular rve-trunk happens to be near the electrode, then the 
response approximates more to the “nervous” type, while, if fewer 
nerve-fibres are stimulated, the response will show an optimum at a 
rather lower frequency, and a more marked gradient of fall as the 
frequency approaches the 200 limit 

( { muscle shows another difference from normal muscle, of 
part l ! Cs view of the results obtained after nerve-section 

sect 1 \ mit period,” instead of being about 
OOU5S second, has a value about six tlmes as great, about ‘0033 second 
This is shown by the following figures (cf. p. 277 

t 
{ {) 

It cannot. of course, | LS med that these results represent those 
that i ix bta perfectly normal muscle deprived of its 
me is one mu Ly n mind the possibility of a toxic effect of 
curare n the su self Such an effect does not, however, 
seem to be at | prov $s sl n bv the following « xperiment 
15 urare ition wi njected intravenously, and produced 
( lplete | IVsis f the mot nerve-end nes The re Sponnse to direct 
st ilation was as above ited; 3 c.c. more curare was then in- 
jected gradual nd more applied directly to the muscle, but the 
response Was not inthe ted: it still gave an Optimum at a 
frequen { 60, with about the same vradient of decline with in 
creasing Tre juice c\ 

1 
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series of cats, with strict antiseptic precautions. At a suitable period 
after operation the gastrocnemius was tested in the usual way. 

The results are exhibited graphically in fi 9 which shows the 
response to gradually increasing frequencies of interruption, at- periods 
varying from three to seventy-eight days From this it will be seen 


that, as the time after nerve section increases, the optimum frequency 





diminishes, until, from fourteen days onwards, the curve falls gradually 
from the beginning In other words, whet i certain = stace I 
‘degeneration’”’ is reached, the best contraction tf ! eiven value 
if C2. | s witl l lrequenc . By: s th s increased, 
the contractions become stead | h Y Table JIVE bie 
optimum for various tlimes 
——— > 
°298828898 

1G. 10 tl 
st ut 

Kio, 10 1s tl wing from a Gast nel 
section of its nery \ compat n Ww 2 I 
shows a strik ne litlerence, not nl is rec as thre It e DACKY ras 
of the opt mum, but still more in the gradient of d ent tro. l point 
onward 

The funetional change in denervated muscle is | 12] mt equ; 
well by an examination of tl result f varvine the ratio { 
constant speed of interruption Unfortunate this was not con 


pletely investigated 
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show how the * /imit time’ (in the sense explained on p. 275) 1s 


increased in these condition n the following table, the frequency of 


LOO 


1] the 
irarized 1uscle. 
peripheral part 


on thre ornel 
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The chief draw- 


f unmeasured 


of children. 


aree 


one—an especial ditticultv in the cas 


backs, then, to this method are—the | number « and 





unmeasurable factors concerned in the contractions, the difheulty of 
estimating the quality of the galvanic response, and the painful characte) 
of the examination 

If one judges by the enormous literature of the suby t would 
seem that many investigators have been seekiny a more ¢ t method 
of estimating the functional condition f human musel hus 
Zanietowski |8|} has been the pioneer of a mass of 1 k cle ng with 
the response of muscle to condense hat nd ot s have 
shown that degenerated muscle needs highs \ . e! 
discharge than does norma In s} } ' n\ tuves 
Claimed for this method, it has nevet Int ! cenera 
use, at anv rate in t] count! 

Mendelssohn | 5. has coested Weder 
kitfects " might be turned t ! to 
prolonged tetanization at a given ftrequene nd oth 
of current, it is found that the | t f cont ! lually 
d hil? shes | tab timnin I ( | n 
can then be restored ts oriell ( nait 
1 muscle here appears to | 
Mendelssohn according SUE t phe 
fitably ! ut ed lo ( ! ) } i " nt } 
suggestion does not ap] have beet 

It by is t Gb i } }) } 
nalogou th fer thre 
The essent ! brie { ‘ , 
that uring al Ve ( i ( ! } 
me (frequene of interruy 
Varied In al I lal bia ni / 

/ R { / 

Ae) MS . / / lera / 
resp SOS / 

At this stage ! \ I } 1 | 1 
I the ( ( }« ie! | tind ( 1h} ] l 
Ledue’s current for muscle-testin N t ( 
for the results: for « mple, nO atle pot et ! etl ed 
countel attached to the nter} Le ! ! 3 nt) 
any possible variations in the voltage of thi rrent mi t mia 


These 


de fects, 
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claims were made to absolute mathematical exactitude, do not, in my 
opinion, invalidate the findings in their clinical application 

In considering how the results here detailed could best be applied 
for this purpose, one is faced with the question as to the practicability 
of applying the graphic method to man. This has been the subject of 
many investigations, and a large number of workers have published 
results obtained by various methods The most recent, as far as I am 
ware, Is tha f Larat | 2 He employs an apparatus consisting of 
in armiet, inextensible except in a small part of its length, which here 


consist f a thin india-rubber membrane At either extremity of the 


membrane is a cular metal upright, joined to its fellow by a rubber 
bellows Tl) turn connected to an air-tambour writing on a 
revolving drut The riilet is adjusted to the limb, and the muscle 
suitab \) ncrea virth at the level of application 
of the armlet el the 1 no} ibber, which in turn opens the bellows 
and produc ‘a f the tambour levet In his book, Larat gives a 
large number of tra btained by this method The latter, how- 
ey ce the « nes, in ling the ergograph, has many obvious 

intact hief of these are a) The more or less elaborate 
ipparat 1" na the Hithiculty of satisfactory adjustment, a 


drawl : r ocln work; (4) their limited applicability 


thre { vv for limb-museles, none is really 

ipplicable eibhe I the | ( r trunk ; n none of them, except 

perhaps t sograph (wl s of use only for the fingers or hand), 

there al t juantitative relation between the treneth ol the 

Lite Sver & cul 

[ é] that none of the present graphic 

manent } n rou ( cal work | 

( rving Larat nd other methods, and 

lea | eC) combinit tisfactonly an 

( le a 1) that e actual ¢ traction at the 

nient ( tered, | far without 

1 

It ‘ I ; ertl that the expel mental results should 

be capable ition without the necessity of any such 

phic ve ral, HOW er «ae rable thy itter ma ie refinement. 
The te ! rried it I 

Begin with the tio i <¢ total period at 10 LOO, and frequency 

f interruption 100 \djust the streneth of current till a contraction 
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is just obtained. Now, keeping everything else constant, diminish th: 





frequency to 20 or 25 Normal muscle should no longer give a contra 





] 


tion, but degenerated muscle will give a much better on Alter the 





frequency gradually from 20 to 200, and decide as far as p ssible wh 
















is the optimum. Or, better, keep the frequency constant at LOO, ar 
vary the contact-ratio (x For normal muscle, the size of the contra 
tions should be independent of the value of x between the limits 5 a 

50. For degenerated muscle, the size of thi ntractions should i 
crease as X Increases, unt an optin lb) IS Obtained Ihe west valu 
of x for an optimum contraction could be taken as an index of the con- 
dition of the musele What one really determine n such a 1) 
tion is the duration of stimulus above which “a ml lation 

into full play (v.s. p. 278), e, a time which has been shown to va 


definitely rccording to the functional condit ! ft the 


Iam at present engaged in collecting mate t 
these lines The facilities for such work are unfortunate nt 
the apparatus is fixed in an experimental laborat ! 
very suitable for clinieal investigation hope, however ul 
quent paper to publish a full account of the clinical finding wi 
sufficient material has been examined 
This much can be confidently stated at the present tim 
Ledue’s current is far less painful than thosé sua el] ed 


muscle-test 
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Section of the corpus callosum produces no symptoms in monkeys, but 


} , , 
dogs become dull, awkward in certain movements and seem ) 


have learned. Human beings witl lesion I ‘“Orpus callo 
} 


IsSturbances 


present any pathognomonic te 


bilateral and the mental symptoms to whiel mond has drawn 


loss of associa urbance 


iprantia. 


The Goulstonian 
By ARTHUR F 


Hodder and Stouel 
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logical work ol the nervous control ol tl e pupillary movements ana reactions 


Is dealt With in the first two chapters In the third chaptel the veneral 
pat! ology of the iris movements is discussed, and the fourth deals with the 
pupillary anomalies 1 organic and toxie diseases of the nervous system, and 
in certain neuroses and psychoses. The methods of examining the pupils are 
fully described in an appendix. The book also contains « very complete 
bibliography on the subjeet, ana useful index 


| Texrthool, of Lrpe mental 
By CHARLES S. Myrrs, M.D., Se.D. Second Edition Part J] 


Psychology, with Laboratory borer ses 


Textbook, pp. 544 Part I] Laboratory Exercises, pp. 107. 


Cambridas University Press, 1911] 


| S exe ' = be ore Vy improved i he second ecitio 
It Ss still <« uM ed b Cle Lhd ¢ Cis eXpos or 1) ! ich new niaterial 
} S hy tec ma ) eve ( pte ! . heer e el se] } n 
of the text Ti the tboratorv exerelses ¢ tbles the student to read the 
Pee | statement whilst consultn the deseription of the experiments upon 
W hic | tea 


Unsoundness of Mind By T. S. CLoustox, M.D.. LL.D Ip. 360 


eonsider mental ers us sturbance of brain-tunction. Chapters are devoted 
to heredity, 1 brain-poisons and to the predisposing causes of Insanity. 


Mat 1a. me nk ) asthe ( ( la PpSVCHOSEeS e «ae lt WItl shortly the 


f > mpe) /) i) / Regu TRA LDiadq is ; I ffection Ss of the Brain and 
Sp nai rd bB hi Isl Br Translated by I’, ». Arnold, B.A. 
No 


London Rebman 
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